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The book "Machine Structure 1”7 contains course summaries and corrected exercises intended for
students in the first minor year of the mathematics and computer science branch, or computer science
(informatics), in Algerian universities.
It can also be used by other technical branches, like the science and technology track and electronic
and electricity engineering.
This part contains the topics for the first semester:

e The basics of computer science
e Coding and representation of information

e Bool’s algebra
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The book contains exercises categorized by chapter, corrected exercises, corrected mid term tests, and
exams.

This book is the result of many years of experience I acquired while teaching in Department of
Computer Science at the University of Bouira.

The book is also bilingual, written in English and Arabic, in order to help new students who suffer
from a language barrier when entering university.

I hope this book will be well received, and we welcome any feedback or suggestions for improvement.
Dr. Taha Zerrouki

taha(dot)zerrouki (at) gmail(dot)com

About

Dr. Taha Zerrouki, Professor at the University of Bouira in the Department of Computer Science,
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e Open Source
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o Structure machine /Computer architecture
e Project management tools
e Programming languages
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The cover page made by Haithem Benhalima : haithem bhm @ intagram

Many exercises and solutions were generated automatically by "STRM-Test” project developed by the
Author, available on github .
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Chapter 1

Introduction de e

Basic definitions @LJ ol

Computing: the study of automatic information processing, often known as informat-
ics or computer science, is the process of automating the information we handle. The process of
computerization will enable significant time and effort savings.

(3 fyp A i et L LT Sloglall s oy o SN

Computer is an information processing machine. It can receive input data, perform
operations on this data using a program, and provide output results..

I Y Gy ) 20 e Lo OUE Buigy dles) GBI Ll (s Olaglall dlas ol o puld]

'“C\ L~y

Figure 1.1 shows how the procedure will be automated by the computer taking over the process or

treatments. In general, computer processing produces an output (result) and requires input informa-

tion (data).
B 2 e g e i oy Slagne puld i 101 K20 3

-

®

N2 program

[+3 3
N J) J'\ 4
Data ) Results

FAAE B |

Computer

Figure 1.1: The computer as an information processing machine.

Information is a piece of knowledge that can be represented as being stored, processed,
or communicated. For example, sound, image, and text. .
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Computer O gl

A computer is made up of two parts: Hardware and Software.

The Hardware stal:  is anything having to do with mechanisms and electrical and elec-
tronic circuits. A computer’s memory, peripherals, and core unit constitute its internal architecture..

The Softwareclz JI:  Everything pertaining to the programs required for the computer’s
correct startup and use. These include programs and operating systems written in programming
languages..

Haolll 556 Yl 5510 B0 s I e suld) 0,Ke KK ST 3y i1 1L LS Sl L K ookl e

S @) ) 2oV 21 e S35 skl e ptied) Slodis piy Jom s Wi Sleb) ) it o 8 iole ) -
vzl Ol ezl

Hardware YA

Everything to do with electrical and electronic circuits, as well as mechanisms. A computer’s internal
architecture is typically made up of the following components:

¢ The central unit is where the information is processed. It is made up of a processing unit and
core memory, often known as internal memory.

o Processing unit: the computer’s main organ or brain (microprocessor). It processes the data
that has been stored in memory. It mostly consists of:

— A control unit (C.U.) is the intelligent component of the microprocessor. It allows you to
seek for a program’s instructions in memory, interpret them, and then route the data to
the A.L.U. for processing.

— The arithmetic and logic unit A.L.U. is made up of a collection of circuits (memory registers)
that perform arithmetic and logical operations (addition, subtraction, multiplication, and
division).

Olen Udy bl diE o B 5L 5 )
L iy ST G e Al Slegal) Ll ¢ (iuall lall) Copeld Flas ol st )| izl il 5y ©
Okl day ¢ eOldedl iy ¢ 341511 G 26 Sl e Condl e (plall 3 S il 25 Kol 50y -
LWl slaclly Olad) 3umy U]

(o2 b ) ) Bld | Sl it e (357N O3e) LS Slls o %55 hilly bl Sy

Central memory is the part that contains the programs and data that will be processed
by the microprocessor. There are two types of internal memories:

e RAM (Random Access Memory) allows the reading and writing of data; this is where data is
stored.information being processed or executed. The information saved on the RAM is lost as
soon as the PC is turned off.



Inputs : Outputs

PROGRAMS

Figure 1.2: Central unit.

o ROM (Read Only Memory) is a memory that can be read; the programs are saved once and for
all in this memory and cannot be modified or erased, even after a power cut.

o Auxiliary (external) memories, as the random access memory loses information after the com-
puter is shut down, it is therefore important to use memories that allow this information to be
permanently stored.

We can cite:

— Fixed hard drives.

— Removable hard drives.
— USB keys.

— CDs, DVD-ROMs.
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IWANE Peripherals S}@z%}\

A peripheral device, also known as an auxiliary hardware device, is a device that is used to transport
data into and out of a computer (Laplante et al., 2017). The term peripheral device refers to all
hardware components that are coupled to a computer and controlled by the computer system but are
not the computer’s core components.
Based on their relationship with the computer, peripheral devices can be classified into several cate-
gories (Peripheral - Wikipedia 2023):



e An input device sends data or instructions to the computer, such as a mouse, keyboard, graphics
tablet, image scanner, barcode reader, game controller, light pen, light gun, microphone and
webcam;

e An output device provides output data from the computer, such as a computer monitor, projec-
tor, printer, headphones and computer speaker;

e An input/output device performs both input and output functions, such as a computer data
storage device (including a disk drive, solid-state drive, USB flash drive, memory card and tape
drive), modem, network adapter and multi-function printer.

Ber) 22 By Jlo ¥l 55l salid e U ot Ko e G bl el b 8 (8 pld il 5362
(A Y JooV1) b el o585 530 a2 01 Koy camllally 23080 o o2 W1 5Ty purlil) a3, 101 oo JlssY)
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WU Jaabl 5 1.3 45 Kl G 2l 356 Y1 aY Lasde a4
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keyboard‘ C”L’“ i Screen ails floppy disk, %_» 2! Jéi s,
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playing remote _all 2.2 Hard disk Cle 2 3
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o
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Processing unit

Figure 1.3: Input/output.

IWRY Software Sl

Everything concerning the programs necessary for the proper start-up and use of the computer.

co



RN DBasic definitions el s

Instruction (command) Order given by the user to the computer.

The print instruction requests the display of a text: .
ol Ly e ‘_,LEJCL\ oYl

print("Hello")

Program Logical and sequential sequence of instructions that the computer must exe-
cute to solve a given problem.

e Wl el oy Sldad) e Gbme il ks 214

Example of a Logo program, which allows to draw a square
g ot £ Bh gladte

forward 50
right 90
forward 50
right 90
forward 50
right 90
forward 50
right 90

Language is a set of commands required for writing a program that the computer can
understand. (Pascal, Logo, Delphi, C++, JAVA,...etc).

.Pascal, Logo, Delphi, C++, JAVA, sda) ©suld u@é\sj L& Z\#NL:‘Y\ /\;\!\ R T TR

L

A program written in Pascal and Python

ISl B 0w 25K 2l

Pascal

Program HelloWorld; Python

begin . 5
writeln('Hello, world!'); print('Hello world!');

end.



Application

Operating system

Hardware

Figure 1.4: Machine Layers.

Software is a collection of programs that work together to give a service to the user.
Microsoft Office, for example.

VT el £ oo cpoid) Bass g Walon 21, 0 B E B2,

WP Operating systems Jed) s

Definition: The operating system is the first point of contact between the computer and the user
(human). It is software that consists of a set of basic applications required for the proper operation
of the hardware: keyboard, screen, printer, and so on.

The operating system allocates the physical resources of the computer (processor time, memory, and
so on) to the numerous running programs. It also gives software tools (such as drivers) to help them
use various devices without having to know the physical intricacies.

Like an administrative director, he supervises the computer system’s activity and resources.

SIA s oy cmlllly 2205 il B ) oo S5 ) Nl gt Sledly (6 21 Jonall G Lol s il ol
(02305 093 W ey i) ol Slighlly 2100 Gy gl aoll)

) Lo s 3l Wl 03 5571015 23LE1 ISy Zellally A oo 21 Sloss py Joazdl pll

Ayl 8y Olasd) Wil o O5edy Al BLE 5 Amald] 55100 sl pllis s Y

Operating system tasks Jeradl <aUz'5 il

e Information management: storage, search, protection

¢ Management of hardware and software resources: optimization, security, execution of
applications, sharing between users

e Provides a set of services by presenting users with an interface better suited to their needs than
that of a physical machine.

Bl (i (pZ i Obeall Byls)

10
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Operating system types Jed) {.Ué.s t\ }3? There are two types:

e Single-user operating systems have no facilities to distinguish users but may allow multiple
programs to run at same time.

e A multi-user operating system extends the basic concept of multi-tasking with facilities that
identify processes and resources, such as disk space, belonging to multiple users, and the system
permits multiple users to interact with the system at the same time. such as : Windows (2003,
NT, 2000 server...), UNIX,

Ny

M,

-

Figure 1.5: Logos of some of operating systems for computers.
ley Joradl ast
el suaze 5 30ischegll dmy MSDOS Joo el Sl lo Joot 5lek) 3oy sl
e s cpsl 3y plls 3 e By o 1ode i BGE o Jant g Y1 53dwte Badii]
.. Android, sumsung bada, I0S, RIM, s §5 L ol dsl 4l ol

We can also mention operating systems for mobile phones such as: Android, Sumsung Bada, 0S4 for
iPhones, RIM for BlackBerrys, etc...

Prmsunc e 9
MeeGd aND0ID

"2 BlackBerry.
'
A

Windows

vepie PAlM webOS

Figure 1.6: Logos of some operating systems for phones.



Units of measurement old Olds

Unit 54> | Meaning sl

Byte, bit : &« | Capacity, size: mainly used for memories (cache, RAM, disks).

(0o 3 il ) 551 5571 ey o2 LA cinadl ¢

Bit / second Speed (bps) bit per second. used for modems.
VeVt v #LE i1 3 oy (bps)

Hertz Frequency: number of events per second. Used for CPU Bus Frequency,
Screen Refresh Rate, RAM Bus Frequency.

BU sy aslall Eud sy 4tbl\ BU sy Ld bl 3 oleal sue s )

rBAR SRR
The Byte is used in its different multiples: wlaslasy U
Units value in bytes
Byte 8 bits 1

Kb: kilo-Byte 1 024 Bytes 2'0 bytes
Mb: mega-Byte 1 024 KB 220 bytes
Gb: giga-Byte 1024 MB 230 bytes
Th: tera-Byte 1024 GB  20bytes

Speed is measured in bits per second, and its different multiples: ‘_; Cdl bl gy ey )
VL&PL&.{, cl,L"J\

unit value in bps

Byte/second 8 Bps 210 bps
Kbps: kilo-bit/ second 1 024 bps 219 bps
Mbps: mega-bit /second 1 024 Kbps 22° bps
Gbps: giga-bit/second 1 024 Mbps 230 bps

Frequencies is measured in Hertz and its different multiples:: 54 ey 55l

elaeLas

unit value in Hertz

KHz: kilo-Hertz 1 000 Hz 103 Hz
MHz: mega-Hertz 1 000 KHz 105 Hz
GHz: giga-Hertz 1000 MHz 10° Hz




Chapter 2

Information Coding and
Representation Llif sy Oleglall e 7

Introduction

Coding information means creating a correspondence between the (normal) external representation
of the information (for example, the number 65 or the character ”A”) and its internal representation
in the computer (a sequence of bits).

(38 P61 o ) Sl G A1 sy (A 20 3165 504l ) G gad sleall Wl 2By L ) s 50

Ada b

Ald|a]| |b

65100 | 97 |32|98

[01000001 | 01100100 | 01100001 [ 00100000 01100010

Figure 2.1: Example of encoding: encoding of the character string "Ada b”.

Numeral systems sl adasl

A numeral Base u“\w&\ TM

e The base is the number used to define a number system.
e The base of the decimal system is ten while that of the octal system is eight.

¢ Whatever numeric base is used, it follows the following relationship:

n
Z(biai) = boa® + bra' + baa® + - + bp_1a" " + ba”
i=0

where b;:base digit of rank i, and a;: power of base a with exponent of rank i.

13
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Z(biai) =boa’ + bra' 4+ boa® + -+ by_1a" ! 4 bpa”

=0

Decimal system

is a number system based on the number ten.

advantages in this arrangement.

Z‘Z\;)\L}wbi}ﬂr.;):bitd}?
il;)\‘_:;db‘\“s)é}a:au

1453 =3 x 102 +5 x 10 +4 x 102 +1 x 10°

The powers of ten and their multiples are given

XZIOC,:?J)J»AA;EOQQJ 6 Lo sdall L;)S‘ajﬂfdcai&? cOLA;}!\ 3\ ;hal\gaUa'.ﬂ\}a %;f‘;uJ\ (-Ua'.;]\

10°

102

10!

100

2

0

1

9

Binary system

2019 =9 x 10°+1 x 10" +0 x 102 + 2 x 103

is a number system that uses the base 2 as its base. The digits of positional binary numeration are
generally referred to as bit (binary digit). These can only have two values, which are denoted by 0

and 1.

el G Joxtds ot (g1 2 Ladlly do ) L8 () e e 1Sl ol

The number that is written 5 in base 10 is written 101 in base 2 because:

oY (Sl plidl G 101 2 5 sl

5=1x2+0x2'+1x22=1+0+14

22

21

20

1

0

1




pRWY Hexadecimal system

is a system of positional numbers. It employs 16 symbols, with the first ten being Arabic digits and
the remaining six being letters A through F.

The hexadecimal system is convenient because it provides a compromise between machine binary code
and a convenient numeral basis for engineers to use, making conversions simple and allowing for more
compact writing.

o oy 5 i oy SU 530 90 Sl et Sl ol Jnie 18 oGS famity 164l (g 2l ol
QU sy ol s By Ly i ool s 2By Cvs 4y bpd) Wpes 2D s

S L S G 0011 1111 1010 0001 g Yoy cgs 2oadl (3 BFAL 5, 16289 sl St
16289 is written 3F A1 in hexadecimal instead of 0011 1111 1010 0001 in binary.

Conversion between systems sland] 2ol sl

Conversion between different bases iz W%Y\ e bl

Method
conversion | Method Example
44| 2
0 22|_
10 =>X Successive division on X (44)10 = (101100)2

aatta X s éc bl R;.\JSY\ Aoand!
St L cndl o L;\)J\ Jal 2 ¢ 0 Joold|

5B B
21170
x Ll 65 3 ol spde 28 2| (210)5 = 0 x 50 + 1 x 5! + 2 x 52

X => 10 | Polynomial expansion

=0+5+25x2=(55)10

X=>Y | Pass by base 10; 10 _sLu3L ,, || (210)5 = (55)10 = (67)s




Conversion between binairy/octal/hexadecimal g fazdly JW1s étﬂ\ N Tl

Method

conversion | Method Example
Binary (10 110 011)
2=2_8 3 binary digits = one octal digit + 4 4
Octal (5 6 3)s
S o3 Wbl 32le (B, %%
Octal (5 6 3)s
8 =2 one octal digit = 3 binary digits 4 4 4
Binary (101 110 011),
Rl o)l w3 W Gl 3,
Binary (1010 0110 0011),
2=16 4 binary digits = one hexadecimal i + i
digit Hexa (A 6 3)s
L i Uy bl 318 0B, al
Hexa (A 6 3)16
16 = 2 one hexadecimal digit = 4 binary 4 + 4

digits

Binary (1010 0110 0011)s

Binary Arithmetic

S plladl b Lk

Addition Multiplication Division
111011
* 1101
1111 10111011 | 101
n . 111011 0110 | 100101
11101100 111
10000 111011000 10
1011111111

Integers coding

An integer number is a whole number that can be either positive or negative. The decision to be
made (i.e., the quantity of bits to be used) is determined by the range of integers to be used. Because
28 = 256, we only need 8 bits (one byte) to represent an integer between 0 and 255. In general, n-bit
coding can be used to encode natural integers ranging from 0 to 2"~ (Miiller, 2021).

Examples: 9 = 000010012, 128 = 100000005.

slaeN J o e ¢ achll sadl 2@ L) C\:& S ol sae HlsY spadne j s S 3 el C,?p,aj\ 2!
S oy 25 = 256 0V B (4l Cab) o 8 ] i ¢ 255 50 p el o) 31N g WMghiE 45 3
277150 b ) el 1Y 2E e 406 cun e

i)l sl e s




Negative integer representation

LI

Signed Values

Tl SN |2

BN ]

a3 ] el

Sl 8 BTzl ) el

RERTPEEN

oly Gl F bl 8B el

Decimal = Sign | Value
S Al s )Lt}!\ poewil
13 0| 1101
-13 1 1101
Ones’ complement
Reverse all bits
Decimal Value
S Al pyevi)
13 | 0000 1101
-13 | 1111 0010
Two’s Complement
Reverse all bits and add 1
Decimal Value
< ) poeril
13 0000 1101
-13 1111 0010
+1
= 1111 0011

Floating point

FTAB | RAWA |

A floating point number is made up of three elements: the mantissa, exponent, and sign. The left bit
is the sign bit. This means that if this bit is 1, the number is negative, and if it is 0, the number is
positive. The next e bits represent the shifted exponent, and the m following bits (m low-order bits)

represent the mantissa.

LY oV g sl ) ol B3 Jog B il 43 sl 754 TEEE
C\jx\ Y e el Sl Lo pe 08T 15) 05 Ll saall 087 13 1 5,LW) 0555 ol e eI 6,31 o5 )
b m e N olaly ¢ (a) C\jx\ o 2 e Ja )l Sl Lo e O 13] b gl o~ J£ m 5 Ol ¢ (43)

.‘:;J.‘A’J\ fwﬁ\
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sign exponent , fraction |
0

e+m m

Figure 2.2: The representation of the floating point.
sign__exponent _fraction

31 23 0

Figure 2.3: The representation of the floating point IEEE 754-32bits.

Sign Biased exponent Fraction
LY sl Y ) el
(1 bit) (e bits) (m bits)

Floating point IEEE 754 (32 bits)

A single-precision floating point number is stored in a 32-bit word: 1 bit for the sign, 8 bits for the
exponent, and 23 for the mantissa. The exponent is biased at 127 (shifted). The exponent of a
normalized number therefore ranges from -126 to +127 (Kahan, 1996).

@A) il 235 eyl N 8y 5,LEN Uty coy 32 o dazey 2B Lla
ery o 0l o T Y1 .

132 254127 g a5l oYV 0B 65 g8 2 LI 3 sad) o 087 13) g ¢1270 a3l )

sty Jal am G4 ¢ 2 ol

Sign Biased exponent Fraction
BLY asl @A e
(1 bit) (8 bits) (23 bits)

A normalized floating number has a value v given by the following formula:
v =8x2°xm
o s = +£1 represents the sign (according to the sign bit) ;
e e is the exponent before its offset by 127;

o m = l+4mantissa represents the significant part (in binary), hence 1 < m < 2 (mantissa being
the decimal part of the significant part, between 0 and 1)

‘ corrected exercise Jg (y £
Convert the decimal number 8.625 to floating point
according to the IEEE 754 standard:



Method

o Integer part : 8 = 1000

e Decimal part : 0,625 = 0,101

e Sum 8,625 = 1000, 101

<y 32 e IEEE 754 &l abold) jlag 8,625 sl Je

Correction Conversion of 8,625 to binary

« Normalization: 1000,10122° < 0,1000 1012:2*

Sl ) sadl 2

c,ad\ f..‘fd\
éfw\ f..ﬁ\

A

« Pseudo-normalization IEEE 754 : < 1,0001 010223 (in the form 1,xxxx where xxx = pseudo
mantissa)

. ‘_;J,L\ L‘gj.:*)\ (wﬂ\}axxx&_?- 1)XXXJ§:J\JL;},~ Ay

e Decomposition of the number into its elements

— Sign bit : 0 (Number >0)

o pobe d) sadl s

SJL.;}“ <o

— Exponent on 8 bits biased by 127 = 3 4+ 127 = 130 = 1000 0010 127< &y » & 8 e u&‘
— Pseudo mantissa on 23 bits: 0001 0100 0000 0000 0000 000

= 23 Je G g2 ol

Sign | Biased exponent Pseudo mantissa
5Ly 2540 Y @A e
| 0| 1000 0010 | 000 1010 0000 0000 0000 0000 |
WY Other formats T &
Name Known Base | Digits Exponent = Exponent Digits Exponent
name min max | decimal  decimal max
G el | ea Yl (g )
binaryl6 | Half precision 2 11 —14 15 3.31 4.51
binary32 | Single precision 2 24 —126 127 7.22 38.23
binary64 | Double precision 2 53 —1022 1023 15.95 307.95
Quadruple

binary128 | precision 2 113 —16 382 16 383 34.02 4931.77




Other number codes NES LQfT:JL"“f

Binary Coded Decimal alal (;JL\ & Al

The binary coded decimal (BCD), is used in electronics and computer science to encode numbers in a
way relatively close to the usual human representation (in base 10). In BCD, numbers are represented
in decimal digits, and each of these digits is coded on four bits (Miller, 2021):

il (Bj i)l S ) E o dlagy el e Jnd (SWL 2l bl o g S8

0 1 2 3 4 5 6 7 8 9
0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | O111 | 1000 | 1001

Gray Code Sl st oSl étﬂ\‘}}ﬁﬂ\

Gray’s code, also known as reflected binary, is a type of binary coding that only changes one bit at
a time when a number is increased by one. The code name comes from the American engineer Frank
Gray (1953) (Dekeyser, 2010).

oy & G 0K @l il G ATy e 6l G OF Cm WL Sl R 1 b gl b e ) Skl el
11953 ol g &l 15 e el oda plisl ¢ ble 3l OVl e il (WY Slslal 3 Janad

Decimal binary Gray’s code or reflected binary code
@A A sleal) Gl e ) o sSall Sl s 1 1 (gl B ey
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100

Character encoding Sy A ey

ASCII code SN s

-

ASCIIT (American Standard Code for Information Interchange) is an encoding system based on the
Latin alphabet as used in Modern English and other Western European languages. ASCII is used in
computer systems, communication devices and text manipulation systems(Lebert, 2002).

Because the ASCII code was designed for the English language, it does not include accented or
language-specific characters. It is required to use another code to code this type of character. As a
result, the ASCII code has been expanded to 8 bits (one byte) in order to encode more characters
(this is sometimes referred to as extended ASCII code ...). (Lebert, 2002).

This code assigns the values 0 to 255 (therefore coded on 8 bits, ie 1 byte) to upper and lower
case letters, numbers, punctuation marks, and other symbols (accented characters in the case of the
iso-Latinl code). Extended ASCII code is not unique and highly platform-dependent (Lebert, 2002).
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a et ol e W g ke o o sy e By (Slaglall sld L) Ser Y e A1) ASCIT S
oyl Balis] 3 Ll SV 2 580 (o gl e g leltiina VI ST o s 4T 0l 00 My B0k 3341 G
) A ol oo Jolee 1 5ol Tulisly VLI 5541

i i V) 2V e e i Tl o mT 4T losle 15 o mT a3 b 1) ¢ 32 Y1 20 Ll ST s 1t
WY1 o a8 el e (ol ) Sl 8 ] S e s S b e ] i <Y

S Sl £5535 8 gmally 580 AN (b 1l e Ol 8 e lage s & JBL5) 255 410 or ol 50 A Vs g
Al CLE" LR - R KV RN Cﬂ).\\ ASCII e 5 iso-latinl). ey o) SleMall I3 2 ~ Yl

2X:®)] Unicode do- sl Ll e S

Unicode is a sixteen-bit encoding system in which each character (or ideogram) is assigned a unique
number. This number can be read regardless of platform, software, or starting working language.
Unicode, with its 65,000 distinct characters (or ideograms), contains all of the world’s writing systems.
The Unicode Consortium is in charge of its maintenance. It forms a part of the World Wide online
Consortium’s (W3C) specifications, which was created in October 1994 to support web development.
(Lebert, 2002).

Generally in Unicode, a character takes 2 bytes. In other words, the smallest text takes up twice as
much space as in ASCII (Béasse, 2019).

ol Bl 3y 21l sl ol el i 301 s i 3 K045 B s b e e e e ol 5 Sy
el ol 5 Sl 250 58Ky s o ot S s e Slally 801 sl o 15 B 65000, 5Ky Jot
e QW S S e v ) e 1994 58T 3 e el ¢ (WBC) Al )1 S0 5l lisle

£l ..W‘y\, Gl Jyelly sl ) ey ¢ diacritics delk) LW a3 & U Ly~ Lol

ASCII code of *A’ is (100 0001)s = (41)15 = (65)10
Char Code of Alif is (0627)1¢



ASCIl CONTROL CODE CHART

b7 0 0 0 0 1 1 1 1
b6 0 0 1 1 0 0 1 1
b5 0 1 0 1 0 1 0 1
BITS
SYMBOLS
CONTROL UPPER CASE LOWER CASE
NUMBERS
b3 b2 bl
0 16 32 48 64 80 96 112
0 0 0 NUL DLE SP 0 (@] P ' p
0 0|]10 2020 40| 30 60 | 40 100 | 50 120 | 60 140 | 70 160
1 17 33 49 65 81 97 113
0 0 1 SOH DC1 ! 1 A Q a q
1 1|11 21921 41|31 6141 101 |51 121 61 141 |71 161
2 18 34 50 66 82 98 114
0 1 0 STX DC2 " 2 B R b r
2 2|12 22122 42132 62|42 102 | 52 122162 142 | 72 162
3 19 35 51 67 83 99 115
01 1 ETX DC3 +# 3 C S C s
3 3|13 23123 43133 63 ] 43 103 |53 123163 143 |73 163
4 20 36 52 68 84 100 116
1 0 o0 EOT DC4 $ 4 D T d t
4 4114 24 24 44| 34 64 | 44 104 | 54 124 | 64 144 | 74 164
5 21 37 53 69 85 101 117
1 o 1 [ ENQ | NAK % 5 E U e u
5 5115 25|25 45|35 65 ] 45 105 | 55 125 ] 65 145 |75 165
6 22 38 54 70 86 102 118
1 1 0 ACK SYN & 6 F V f Vv
6 6|16 26 | 26 46 | 36 66 | 46 106 | 56 126 | 66 146 | 76 166
T 23 39 55 71 87 103 119
111 BEL ETB ' 7 G W g w
7 7117 27 27 47|37 67147 107 | 57 127 67 147 | 77 167
8 24 40 56 72 88 104 120
0 0 0 BS CAN ( 8 H X h x
8 10]18 3028 50|38 70| 48 110 |58 130 | 68 150 |78 170
9 25 41 57 73 89 105 121
0 0 1 HT EM ) 9 I Y i y
9 1119 31Q29 51|39 71449 111 |59 131 69 151 |79 171
10 26 42 58 74 90 106 122
0o 1 0 LF SUB * : J YA j z
A 12| 1A 32 2A 52| 3A T2 4A 112 | 5A 132 | 6A 152 | 7TA 172
11 27 43 59 75 91 107 123
01 1 VT ESC + ; K [ k {
B 13|1B 33]2B 53|3B 73] 4B 113|5B 133 | 6B 153 | 7B 173
12 28 44 60 76 92 108 124
10 0 FF FS , < L \ I \
C 14|1C 34 2C 54| 3C 74 4C 114 | 5C 134 | 6C 154 | 7C 174
13 29 45 61 77 93 109 125
10 1 CR GS - = M | m }
D 15|1D 35| 2D 55| 3D 754D 115 | 5D 135 6D 155 | 7D 175
14 30 46 62 78 94 110 126
1 1 0 SO RS ) > N ” n -
E 16 | 1E 36 | 2E 56 | 3E 76 | 4E 116 | 5E 136 | 6E 156 | 7TE 176
15 31 47 63 79 95 111 127
111 Sl us / ? o) _ o DEL
F 17| 1F 37| 2F 57| 3F 77| AF 117 | 5F 137 | 6F 157 | 7F 177
LE EN D: dec Victor Eijkhout
G CHAR Dept. of Comp. Sci.
hex oct University of Tennessee

Knoxville TN 37996, USA
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Chapter 3

Boolean Algebra AUl

Introduction PPV

Boolean algebra, or Boolean calculus, is the part of mathematics, logic, and electronics that deals with
operations and functions on logical variables. It was invented in 1854 by the British mathematician
George Boole (Miiller, 2021).

Today, Boolean algebra finds many applications in computer science and in the design of electronic
circuits (Miiller, 2021).

el @) aakl) Ol ols dlsdls Sl fe sV Glilly Slab e b GULI) L S QUL
P anily o el del Wl Gleoy 2l SLLI Al % k) SLE) sdar e s e (s 2) e
(1854 1w Jy oy Gl )

6 TSIV S oty Tlegall (33,887 lids JU,I1

Definitions Sl

We call B the set consisting of two elements called truth values {True, False}. This set is also denoted
B = 1,0 (Miiller, 2021). On this set, we can define two laws (or operations or functions), the lawsAND
and OR and a transformation called complementary, inversion, or opposite. (Miiller, 2021).

B ={1,0} tejedl odb s (L (@) AL e ) il 15 B e pesd] o
() (SN all ol o gilly 51" adlly " oL (s 5l i) (il T pesdl 0 o

Conjunction e s

It is defined as follows: a AND bis TRUEFE if and only if a is TRUE and b is TRUE . This law is also
denoted by a point »’ (Miiller, 2021)

o Bz sy et oy b T 06713 Laly 13] G " 1 2 01 o) 2 0

albl| aandbd ‘
A—o 010 0
\ Q 01 0
B— _f 1]0 0
111 1
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Disjunction

It is defined as: @ OR bis TRUE if and only if a is TRUE or b is TRUE. (In particular, if a is TRUE
and b is also TRUE, then a OR b is true.) This law is also denoted by a plus + (Miiller, 2021)

o S A sy et o O b2 T OB 13] Laiy 15 s " 1 1" e 0L o) O

A@
Q
B

Lad

a|blaorbd
0|0 0
01 1
10 1
111 1

Negation

The opposite of a is TRUF if and only if a is FALSE. The opposite of a is noted @

Algebraic properties

oS |9

Associativity | (a+b)+c=a+(b+c)=a+b+c
EIr As with normal operations, 4slze ¥ Ollal 2
some parentheses are unnecessary:
(a.b).c = a.(b.c) = a.b.c b Jpmas ¥ uv\}iﬁﬂ Lan
Commutativity | a +b = b+ a The order is irrelevant: (¢ gl
ibas a.b=b.a
Distributivity | a.(b+c¢) = a.b+ a.c
iwis | a+ (be) = (a+b)(a+ o)
Idempotence at+a+at+ata---+a=a
J@ a.a.a4.a.G.....0. = a
Identity a+0=a
@3l aill al=a
Absorption a+1=1
Ul | a0=0
Simplification | a+ab=a+b
L a.(@+b)=ab
Redundancy ab+a.c+b.c=ab+ac
LIS
Complimentary | a =a
(M:l\ aa=0
at+a=1

A

3

Bl ) ol il



De Morgan Theorem o ©5 T

First law of “De Morgan“ (conjunction negation) e g d ;Y\ o5l
ab=a+b
Sum complement = product of complements Oleedl slus = Crs’:\ (o

GUEOIIIN First law of “De Morgan® (disjunction negation) Juadl g : Wl o4W)

a+b=1ab
Product complement = sum of complements Oleesd! g5 = slad | (o2
Canonical forms Js@ K
First canonical form: F = sum of min terms ) Ll s5ud 52 d;\!\ Jsdl Ll
Olelud] ¢ 52
F(A,B,C)=A.B.C+ AB.C+ ABC + AB.C
Second canonical form: F = product of max terms s9udl slus L';Lﬂ\ L';}sl.?ﬂ\ ‘_,K.’*J\
@lé\ slde (6 pad]
F(A,B,C)=(A+B+C)(A+B+C)(A+B+C)(A+B+0O)
Canonical form, Miniterm and Maxiterm Gpadly LAl 2pud) (g5 Kl
A|B CHS‘term Min max ‘
0, 0[0|0|»A+B+C Maxterm
0|0 1[0 »A+B+C Maxterm
0/1/0/|0|»A+B+C Maxterm
0/ 1|1|1]|>ABC Min term
11000 »A+B+C Maxterm
1/0|1]1|>ABC Min term
1/1]0|1]|>ABC Min term
1111 1]|>ABC Min term

Simplification L

There are two methods of simplification
o Simplification by algebraic properties.
o Simplification by the graphical method i.e. Karnaugh map.

556 Jpag Lily ool e Lo 10 ey Lol S



Simplification by algebraic properties i ad! ol il Lol

s = a.b.c + a.b.(a.c)

Demonstration
s = a.b.c + a.b.(a.c) transformation b2
s=a.bc+ab(a+c)  Apply le De Morgan theorem 2,505 &a e 3ok
(@c)=(a+7¢c)=(a+c)
s =a.b.c+ a.b.a+ a.b.c Expansion A
s=ab.c+ab+abc  Reduction (a.b.a = a.b) Jizs)
s =a.b+a.b.c+a.b.c Common factors S sl Jelsall
s =a.b+a.c(b+D)
s=a.b+a.c because b+ b =1
s=a(b+c) Common factors pgsAl Qe [

Simplification by Karnaugh maps 58 Jeg Lo

The Karnaugh map is a graphical tool for simplifying a logic equation or the process of going from a
truth table to a corresponding circuit (Miiller, 2021).

S ey BLAEEL o o s A Bihte Aslae b (Lh2) &2 dowy 2558 Jyoa
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cd
11 10

00 0 0 0

01
0
01 0 1 1 0
ab
1
0

11 0 j 0
o [

o [0

Method

o Join adjacent “1“ in groups of 2, 4, 8 etc.

e The equation of the circuit is given by the sum of the products of the variables which do not

change state in each grouping. Then S1 = b and S2 = b.d + a.b.d

ol 3 T ael, ST 1l Sl ,2 6y slel) SV C‘ -

S2="b.d+ab.ds Sl =">b an, t‘ K a Jag ¥ @ obgdl Slelia g% P Ul -

An output S is obtained by the groupings of zeros. Juq;Y\ C& S WSl C}‘:\ do ot

Study of a logic function dabate Wls Wl
Steps : Ol ghad|
Truth table i) Jyds
Canonical Forms dsll Kl
Simplification (algebric or Karnaugh map) (5,8 Lhs S s o) daedd!
logigram drawing ud:_l\ Lb s
(diagram of logic gates) (&l ol Lkz)

Let F(z,y,2) =x.y.z+ x5+ 2
Truth table Wad) Jyde



XY [Z]|F]
0O[0]01] O
001 1
O] 1]01]0
011 1
11001
11011 1
11,0140
1 /111 1
Canonical Forms L}j\lﬁ\ ‘ﬁ\.ﬂ\ 15¢ canonical form

F(z,y,z2) =292 +Z.yz+xyZ+2y.2 +x.y.2

20d canonical form

f@y,2)=(x+y+2)(a+y+2)(T+7+2)
Simplification
xyz+ay+z=z(yz+7y)+ 2

=r.(y+yz)+z=2.U+y)U+2)+2
=z(1)y+2)+z=2{y+z2)+tz=ay+22+2
=ay+z(x+1l)=ay+zl=ay+=z2

Karnaugh map
Yy z
00 01 11 10

Logigram :

Js g5 S
JB g5 Kl

Yol

25K Jgoe



Exercises

Part 11
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Chapter 4

Exercises
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Chapter 1’s exercises sV badl (K

YR Units of measurment oLl Olus

Specify the units of measurement in the following data sheet:
bl pld) Olie g sus

o Intel Core™i5 (frequency ss; 3.40 ....., cache memory @5 55 134 ....)

e Windows 8.1 64 .....

e RAM 4 ........ with frequency of 1333 .....

e Hard disk Cle 2 3 850 ..., transfer rate J, gl 2d 4 ...

o Integrated network card (LAN) : 100 ... i2de £ Bl

o ADSL connection 2 ... &5 Jlasl

e WebCam : yls resolution 12 .........

Convert the following units: AV Ol ) d;>-

e 24 GHz = MHz = Hz

e 47GB = MB = KB = Bytes

e 512 kb/s = kB/s = Bytes/s.

e 2TB = GB = MB

Convert 1Mb/s = kB/s = bytes/s. J

How long does it take to download a 1 MB file using a 1 Mb/s ADSL connection?
IMb/s i o) dlasl Jlasaaly Sillioe T az o Jy5d p}U\ Riae

Z9WY Numeral systems slowdl wedss

Give the correspondence table of the first 17 integer numbers in the following bases (2, 6, 8,
12, 16)
(16 ,12,8,6 ,2) V! 3 sV 2o ) 31ueD Jak) J gk ) e

Choose the correct answer deall LY s
183019 = 26535 34465 3448

195415 = 207 A6 T2A16 TA214

201919 = 011 1101 11115 111 1011 11109 111 1110 00115

Make the following conversions di L de



e Base 10 to base X (69)10 == (7)7 (145)10 == ( 7)2 (251)10 == ( 7)16

o Base X tobase 10 (243)s =(_ )1p (1453)s=(_ )10 (326)5=(_ )1

e Base XtoBase Y (6175)g=(_ )2 (234)s=(_ )7 (1040)s=(_ )¢
Make the following conversions Sl d}-

e Base 2 to base 8 : 110 100 10 011 101 11 010 100

e Base 8 to base 2 : 26 150 1734

e Base 2 to Base 16 : 1101 1000 1001 0101 1100 10101 0101

e Base 16 to Base 2 : 4BF 6C2 A6E

o Base 8 to/from Base 16 : 76 DCBA 4321D91A

YRy Additional exercises Gexll

A Telecom operator offers a package of 50 MB for 100 DA, What is the time required to
consume it using a speed of 256 kb/s?
§ 256kb/s abdX Jlash doo ) s MY MW el Le «z> 1005 50M0 0,8 Ll Lo o i &Ll £ 2

09
Lo 152 Bl 5500) (S sl 5 (L00MD/s e o 2805 Bllay 355 ) netbook dyf gl Gy 35 1850 L

g

O AU DVD Lgiae (23 52 (a3 0330 ol Lo vl iall o) 33 (656 4 e Jgeddl o peld (10000 /s

Sl K2 e Jsedt
We have a small home network between a NetBook (with a 100 Mb/s network card) and a desktop
computer (with a 1000 Mb/s network card). How long does it take to transfer DVD content to the
NetBook?

: Write the following numbers in octal, hexadecimal, and decimal:
& ol s Al G NI e A Y sl

111101 100011010001 111111101000010100110
1110101000011 00101101 110010101 10001101 0001
000011101001101100111 111111111111110011111

Which numbers have the same representation in binary, octal, hexadecimal and decimal?
9 tadly g 2lly UL Sl elad) 3 ) s U sl (2 L

Which numbers have the same representation in octal, hexadecimal and decimal?
g ey g 2ally GV G 2R s b L‘;J\ el (2 L

Which of the following numbers have meaning in hexadecimal?
gfw\rw\é@ug\z\xm@bc&bmdﬁ



BAC DEUA CAFE NIMPORTEQUOI BAFFE
DECADE BEF FA5D FOOD CODE A1DE

How many positive integers can be expressed with n digits in a base b?
?bwuV\g&,n&mmg”w\mf

Determine the base (T, X, Y and Z) in which the following numbers are expressed:
RN INNEN S R WS U T

24)p = 14

70)y = 5610

(

e (13)x =T1o
(
(140) = 41649

If X is a nonzero positive integer, how is X written in base X?
X ALY G dx S Cogdne 8 bk Iode X 0K 13]

Convert the following numbers to Binary, octal and hexadecimal:
S Al (g 2l 4@&’\ Y WY\ dlag W sl dy—

15, 25, 256, 3012, 2013, 512, 45, 18

How fast is the internet connection if you can download a 15MB file in 1 minute?
Sodoly 4285 3 15Mo e Jy 55 Ll 13) e 31 Jlasl 9.5 Le



Chapter 2’s Exercises SUl Joadl (1,18

YWRN Arithmetics olud|

01

Calculate the following operations vertically to the base:
LY 3 Ls e Y Sl Cae

e base 8 : 132 + 134; 132 + 316; 337 — 155
e base 16 : F2C + 4C3; F2C-45F

e base 2: 100101 +101; 11001 +1011; 111111 +1

Calculate the following operations vertically to the base 2:

2 LY G Lo e 1Y) Oland] !
1010 1101 % 1000 ; 10101 1110 %= 101 ; 1011 1011 % 1101 ’
1010 1101-+10 ; 10101 1110+110 ; 1011 1011=+-101

4992 ~lllejl)\resentatlon of positive integers dmmeall Syl |28
YICSAL

What is the maximum number that can be represented on 16 bits, 20 bits, 32 bits.
€0, 32,5, 20,8y 16 Jo df oS5 s bl Lo

What is the number of bits for the operation of a simple calculator that contains 8 decimal
digits?

P55 8 l3 o Al Josd 2330 S s o Lo

Calculate 1111 1110 + 10 on 8 bits
ol 8 e 1111 1110 + 10 ¢ 0| oo

Representation of negative integersill| ins.a sl Y| Jd

04

Represent the following numbers in absolute value, 1’s complement, 2’s complement on 8 bits

) B el el 3] sl 22l 0l 122 5 3V Sl e 8 o o

1,2,3,16,19, -1, -2, -3, —4, 16,127

Convert the following 8-bit integers to decimal:



o Absolute value : 1000 1010 ; 0000 1100 ; 1000 0001
e 1’s complement: 1111 0101 ; 0111 0011 ; 1111 1110

e 2’s complement: 1111 0110 ; 0111 0011 ; 1111 1101

Calculate in base 2, then in 2’s complement on 8 bits

zrw@gwgs&gwwum@wi

0000 1010 + (—000 1000); 001 1001 + (—1011); 11 1111+ (—1)

Representation of real numbers Ll slael s
07 Convert into binary aldl 4] Je

13.25 15.75 12.625 0.3

Convert the following binary numbers to decimal Al A d;>-

0,11001 101,1 110,001 10 0110,1101 01

09 Represent in binary floating point by IEEE754-16bits, IEEE754-32bits standards )
IEEE754-16bits, IEEE754-32 bits &y lall Wl aloWl Sal Jee

13.25 —15.75 +12.625 0.3

Convert to decimal the following binary number represented in floating point ( IEEE754-32
bits)
IEEE754-32 bits Wl aold) 3 wadl Al a5l slaeY| S Al (LE:J\ dlde

sign | exponent Mantissa
1 | 1000 0010 | 1010 1000 0000 0000 0000 000
1 | 1000 0100 | 1001 0100 0000 0000 0000 000
0 | 1000 1010 | 1111 1000 0000 0000 0000 000

Character encoding Coy Al ey
Encode the message in ASCII &i% AL ‘_/:)

"I'm 18 YeArs old ;)”

Decode the message from ASCII 5;‘)!\; 3 S Wl e

| 0100 1001 | 010 0000 | 0110 1100 | 0110 1111 | 0111 0110 | 0110 0101 | 010 0000 |
| 0100 1101 | 0100 1001 | 010 0000 | 0110 1110 | 1011 0000 | 011 0001 | 010 1110 |



Encode ’ ;_.Lc ;Q&:J\ " in Unicode 555 sL S’Lﬁ ;0&:5\ "5le f/:J

¢ BCD & Lugar! ¢ BCD (3568 5 374 50 o, [

Encode the 568 and 374 in BCD, then sum?

How to correct the result. PRl e ui.; S
Redo the same work in EXCES3 3 51 @) Jlessal ) i ol
Repeat the same work for 467 and 534 467 5534 51ueN tlan) g el
15

Create the Gray code table from 0 to 16. 16 410 o sl p s slae Jyde £58 i

if x = (11 0011 1011) in Gray code, then x+1 = (11 0011 1010) or (11 0011 1001)

YN8 Additional Exercises <ol

2 Q) pelly 1 ] el ciilal) 2 2 el b 8 Je Lt oS 1 (gl L) Al
What are the minimum and maximum values that can be represented in absolute value, 1’s comple-
ment, 2’s complement on 08 bits.

17 Convert the following decimals to binary, octal (base 8) and hexadecimal (base 16).

& Awdly QW1 Sl ) I

1.0,1; 0,4  0,21; 0,98  0,123; 0,462
0,5245;  0,6234;  0,11111;  0,88888
22,2 7,1;  2521;  76,53; 201,321
2079,5245;  9998,11112; 154292, 888556

18 Write according to the IEEE-754 standard the following numbers
Ce 32 Jes ey 16 o IEEE-754 12 dhauly Y1 slaeVl oo e

—1.375 —0.375 —0.34375 1.375 2.75
Code your first name in ASCII. S el (',:)
Give the ASCII code of the following message. 5.}}!\; s M) Al ) el

1000 010; 011 0000; 101 0101; 100 1001; 101 0010; 100 0000



Code your name in Arabic in Unicode. PR | N SN P 1 "/:)

Decodes the message written in Arabic in Unicode. LAl oSl s Ml )l el

0627 0644 0633 0644 0627 0645 0020 0639 0644 064a 0643 0645

A1 3 ) o W ol e 1714120 & ) e o) (S
Consider the machine of type KHADRA K20-A14 which represents the floating point in the format

Represent Ll

(1.067)s, (—0.0066)16

Without using the ASCII table, knowing that (41)16 corresponds to A’ and (33)16 corresponds
to ’3’, code the following message:

AN AL oy /3 W (33)16 5 /A" W (41)16 O Ley SV e ozl 05

Represent your date of birth in BCD BCD 3 5% 'é)l: Jze



26 In Java language, the ”short” type represents a short integer on 2 bytes ranging from -32768

to +32767. )
—32768, +32767 Jl d Je G d) SlacYl L 2 fe short @;H Je bl a2l W L;
Represent on 2 bytes in 2’s complement format. b2 de2d) VA:.\L Jee

(—5c6e)16; (—10a3)16

Represent the following 2’s complement numbers on 20 bits
<20 Je Gl el e
-1, -2, 3, —4

28
Convert into decimal :(0.101)9; (1000 0011)s

Decode the number written in floating point under the IEEE754 standard on 32 bits. Give the
result in decimal.

1 1000 0011 11011010000 0000v0000 0000

In binary mode, the scientific calculator uses 10 binary digits and 2’s complement to represent negative
numbers

Give in binary and in decimal, The smallest number and The largest number that can be written on
the calculator in binary mode.

Lt S0 Gl sue jaals Sl sue 8T o Lo clele B, 10 e Ll sleY) 22 2 RIPSCUN R IR
30
Convert into binary L}tﬂ\ dlde
130, 131,132,133

Represent the following floating point number under the 32-bit IEEE754 standard.
IEEE754- 32 bits Jlas (o &9 31leY1 20

(=1 x 23),, (1 x 2%),, (—10 x 2%, (0.0000 1),



Chapter 3’s exercises I fadl oy,

Draw the truth table of the following expressions: L}J L sle K aaad) Jyloe &iﬁ
a+ab
a.(a+b)
a+a.b

(a+b)(a+D)
(a+b)(a+c)
[6] (a+b)(@+o)
Prove the following theorems by the truth table _
Gl dylag Y Ola I s
Idempotence : a+a+a+ ... =a
Identity a +0=a a.l=a
Absorption a.0 =0a+1=1

Complementary a+a=1aa=0

Proving De Morgan’s theorem using the truth table

(1] ab=a+b

Prove the following equations using the properties of Boolean algebra:
SUsd bl ol dlencl o

atab=a

2] a(a+b)=a
at+ab=a+b
[4] (a+b)(a+D)=a

Simplify the following equations using the properties of Boolean algebra:

Ul ) ool dlesal Loy

-

(a+b)(a+c)
(a+b)(@+c)

40



Reduce equations using De Morgan’s theorem;

ab+a+b

Express the following functions in the first and second canonical form;

fl(z,y,2) =2y + 22+ 7z
f(a, b, ¢) = 1 if the count of variables at 1 is even

f(a, b, ¢, d) = 1 if at least two variables are equal to 1

Simplify the functions of exercise 6 using the Karnaugh map

Plot the logigrams of the functions of exercise 6

Study the function

Simplify the following Karnaugh maps:

Function X1

Flz,y,z) =2 @ (y+ 2)

cd
00 01 10
00 1 0 1
01 1 0 1
ab
11 0 0 0
10 1 0 0

Function X 2

Gy Iy o 51 Kl N Jly) e e

556 Jsaz 6 & B dlys L

6 oA Jlsud 2kl b )

QA o)

\

s “J\)v\s‘ Ja:A

£,



cd
00 01 11 10

00 0 1 1 0

01 1 0 1 0

ab
11 0 1 0 1

10 1 0 0 1

Function X 3
cd
00 01 11 10

00 0 1 0 0

01 0 0 0 0

ab
11 0 0 0 1
10 1 0 0 1
Prove the following relations algebraically: (bl JT

AB+AC = (A+ B)(A+C)
AB+AC + BC = AB + AC
(A+B)(A+C)B+C)=(A+B)(A+0)
AB + ABC = AB + AC
(AB+O)+(A+B)C =1

[6] (A+B)Y(A+B+0C)=(A+B)(A+C)
(AB+4 AC + BC) = (A+ B)(A+ C)(B +C)
(A+C)B+C)=(A+C)(B+C)

9] AC+BC=4C+B.C

Determine the complements of the following functions Ll Olews sus



(bc’+a’d)(ab’+cd’)
(ab’+c’.d’ +a’cd’ + dc’(ab4a’ b’) +db(ac’+a’c)
Study the following logic functions LN Jlyl ey

fl(a,b,c) = abc+ ab+a+c+ba

f2(a,b,c) = ab+ abc + be

f3(a,b,¢) = 1 if the number (abe), is odd Ls 3 sl O 13
f4(a,b,c,d) =1 if the number(abed)s is prime Uyl sl o6 15
f5(a,b,c,d) =1 if the number (abed)y is multiple of 3 3) Caeliae suall 13)
@ f6(a,b,c,d) =1 if the number (abcd)s is greater than 10 10 J«fi sl 13)

f7(a,b,c,d) =1 if the number (abcd)s is multiple of 3 or multiple of 3.

3 J lielias 51 Y lislae saadl 087 13)

f8(a,b,c,d) =1 if the number of bits at 0 is greater than or equal to the number of bits at 1

de g pBT e gslut ST oYl s 087 13)
[9] f9(4,B,C, D) =1 if A>=C and B<=D

f10(a, b, c,d) = 1 if the number 3<= (abed)y 12.

124 3 g Lypaz saadl OK 13]

fl1(a,b,c,d) =1 if a bit at 1 is between two bits at 0, or a bit at 0 is between two bits at 1.

3 b
Opdely (e oy ol (e 1 demy 13]



Assignment

Work to do: The report must contain
the function definition

The truth table
the canonical forms

the simplification by the karnaugh map

the logigram

a. hand drawn

b. Simulated with Multimedial.ogic soft-
ware ¢ (print the diagram).

Date de remise;

“http://sourceforge.net/projects/
multimedialogic/

Subjects:

&

e

2A G
W)
Baak) Jyder
sl el
558 gl e Lol
s O Lz

M psw o a.
Multimedia logic é\s e Je Sle b.
Lbt CL\ c.

et AT

Build the circuit that converts a binary number represented as a 5-bit signed value (44434241 Ag)

into a 2’s complement number (54.53525150).

Build the circuit that converts a binary number (A4 A3 A2 A1 Ap) into 5-bit Gray code (G4G3G2G1Gy).

Build the circuit that can count the number of bits at 1, the input number is on 5 bits

(A4A3A2A1Ap), the output on 3 bits (525150).

A circuit allows to display the strength of the wifi connection according to 4 input variables.

The bars light up as follows:

a. T1: if at least one variable set to 1
b. T2: if at least two variables are 1
c. T3: if at least three variables are 1
d. T4: if all variables are 1


http://sourceforge.net/projects/multimedialogic/ 
http://sourceforge.net/projects/multimedialogic/ 

Chapter 5

Solutions J 4\~

45



Chapter 1’s solutions JsYl b2l J g

MWl Units of measurment ol Slus
01
Specify the units of measurement in the following data sheet:
bl pld) Olie g sus

o Intel Core™i5 ( 55 frequency 3.40 GHz, €. 55 13 cache memory 4 MB)
o Windows 8.1 64 bits.
e RAM 4 GB with 1333 MHz frequency.
 Hard Disk 850 GB, J, sl .. transfer rate 4 MB/s
o Integrated network card (LAN) : 100 Mb/s (Mbps MegaBit per second) iz.s §.% Wl

o ADSL Connection of 2 Mb/s (Mbps MegaBit per second).

e WebCam : ;L& resolution 12 Mega Pixel.

Convert the following units WY Sl d;>- :
2,4 GHz = 2.4 x 10° MHz =2.4 x 10° Hz
4,7 GB = 4.7 x 2!0 MB = 4.7 x 220 KB = 4.7 x 2%° Bytes
512 kb/s = 512/8 kB/s = 64 x 2'0 Bytes/s.

2 TB = 222! GB = 4.7 x 220 MB

03

Convert 1Mb/s = 1 x 219/8 kB/s = 1024/8 kB/s= 128 kB/s = 128 x 1024 bytes/s.

How long does it take to download a 1 MB file using 1 Mb/s ADSL connection?

. _ Size _ 1MB __ 1x8Mb __
time = %0 = Timm/s = Tab/s — O

S

Numeral Systems slowdl 2alast

Give the correspondence table of the first 17 integer numbers in the following bases (2, 6, 8,
12, 16) .
(16,12 ,8,6 ,2) V! 3 Ly 2o ) 51D ikl J gk e



Decimal | base 2 | base 6 | base 8 | base 12 | base 16
1 1 1 1 1 1
2 10 2 2 2 2
3 11 3 3 3 3
4 100 4 4 4 4
5 101 5 5 5 5
6 110 10 6 6 6
7 111 11 7 7 7
8 1000 12 10 8 8
9 1001 13 11 9 9

10 1010 14 12 A A
11 1011 15 13 B B
12 1100 20 14 10 C
13 1101 21 15 12 D
14 1110 22 16 13 E
15 1111 23 17 14 F
16 | 10000 24 20 15 10
17 | 10001 25 21 16 11

-
Choose the correct answer

doeeall Zatay\j«"\
183010 = 34465
195410 = TA246
201919 = 111 1110 00115
Make the following conversions dt Lo d;>-
Base 10 to base X  (Successive Division Izl aed))
Method
69 = 9x7 + 6
9=1x7 +3
1 =07 +1
(69)10 = (136)7
(145)10 = (1001 0001),
(251)10 = (FB)16
Base X to base 10 ( Polynomial expansion Sede ST 2)

Method
62 | 61 | 6°
21 4] 3




(243)6 =2 x 62 +4 x 61 +3 x 6" =72+ 24 +3 = 9919
(243)s = (99)10

(1453)s = (811)1

(326)5 = (Erreur);

Base X to Base Y ( (Pass by base 10) 10 LA s A)

Method

(Passer par la base 10)
(6175)9 = (4523)19 = (274b)1

(6175)9 = (4523)19 = (274b)1s
(234)5 = (69)10 = (126)7
(1040)5 = (145);9 = (401)g

07
Make the following conversions Al d}-

Base 2 to base 8 : Separate digits three by three

Method

110 | 100
6 4

110 1002 = 64g
10 011 1015 = 2355

11 010 1005 = 324g

Base 8 to base 2 : Separate digits three three

Method

2 6
010 | 110

265 = 010 110

1505 = 001 101 0002

17343 = 001 111 011 1004

48



Base 2 to Base 16 : Separate digits four by four

Method

1101 | 1000
D 8

1101 10005 = D846
1001 0101 11002 = 95C

10101 01015 = 15546

Base 16 to Base 2 : Separate digits four by four

4 B F |
0100 | 1011 | 1111 |

4BFi6 = 0100 1011 1111,
6C216 = 0110 1100 00104

A6F1s = 1010 0110 11109

Base 8 to/from Base 16 : pass by base 2
768 = 111 1102 = 111 1102 = 3E36

DCBAjg = 1101 1100 1011 10112 =1 101 110 010 111 0119 = 1562733



Chapter 2’s solutions SU ) gl
Arithmetics olud|

‘N

AN | Slanll

1C

348

3

Base 8: 132 4 134 ; 1324 316 ; 337-155

Method

132
+ 134
266

fuy

Method
1

132+ 316 + 3 1
4 5

3

2
6
0

Method

337-155 - 11

[\CRRG LN |

base 16: F2C + 4C3 ; F2C — 45E

Method
L' Fp 2 C
F2C + 4C3 - 4 C 3
1 3 D14 F15
Method

F 162 16+12C
F2C - 45E - 4 15 l4p
AlO 012 E14




base 2: 10 0101 + 101;1 1001 + 1011;11 1111 + 1

Method
1 0 'o 1 'o 1
+ 1 0 1
1 0 1 0 1
02
Method

1010 1101 % 1000

10101101
X 1000
10101101000

Y G Loy Y1 Sled) s

Method
10101 1110 % 101

101011110
X 101
101011110
000000000
101011110
11011010110

Method
10101101 = 10 ;

101011110 + 110
101011110 | 110

— 110 11101
= 100
1001
—_110
= 011
111

—_ 110
= 01

10

Representation of positive integersis,l| il slae) Jef

03

What is the maximum number that can be represented on 16 bits, 20 bits, 32 bits.
Sy 326220 (2 16 e A oSs s bl Lo




a. 16bits : 2'6 —1 = 65,536 — 1 = 65,535
b. 20bits : 220 — 1 =1,048,576 — 1 = 1,048, 575
c. 32bits : 232 — 1 = 4,294,967,296 — 1 = 4,294,967, 295
What is the number of bits for the operation of a simple calculator that contains 8 decimal
digits?
P55 8 Ol tals Al Josd 2330 S s s Lo

In10(99 999 999)

1og,(99, 999, 999) = = 26.57 « 27bits

In(2)
Calculate 1111 1110 + 10 on 8 bits
1111 1110
+ 10
1 0000 0000
on 8 bits result becomes 0000 0000
Representation of negative integers ALV sl s

Represent the following numbers in absolute value, 1’s complement, 2’s complement on 8 bitis
o AL ral\, el gl &lﬁﬂ‘; bl 2 al jus g eVl oy 8 e

1,2,3,16,19, -1, -2, -3, —4, —16, 127

Absolute Value | 1’s Complement | 2’s Complement
'reverse bits’ | ‘reverse bits’ +1

0 0 0
1 1 1 1
2 10 10 10
3 11 11 11
16 1 0000 1 0000 1 0000
19 1 0011 1 0011 1 0011
-1 1000 0001 1111 1110 1111 1111
-2 1000 0010 1111 1101 1111 1110
-3 1000 0011 1111 1100 1111 1101
-4 1000 0100 1111 1011 1111 1100
-16 1001 0000 1110 1111 1111 0000
-127 1111 1111 1000 0000 1000 0001

Convert the following 8-bit integers to decimal:
absolute value:

a. 1000 1010 => (—10)10
b. 0000 1100 = (+12)1
c. (1000 0001) = (—1)19



Method
Sign | Number

Binary 1 000 1010
Decimal - 10

Method
Sign | Number

Binary 0 000 1100
Decimal + 12

1’s complement:

a. 1111 0101 = (—10)1
b. 0111 0011 = (4-115)19
c. 0111 1110 = (+126)19

Method
Sign | Number

1’s complement 1 111 0101

Binary 1 000 1010

Decimal S 10

Method
Sign | Number

1’s complement 0 111 0011

Binary 0 111 0011

Decimal + 115

2’s complement:

a. 1111 0110 = (—10)19
b. 0111 0011 = (+115)10
c. 1111 1101 = (=3)19

Method
Sign | Number

2’s complement 1 111 0110

1’s complement 1 111 0101

Binary 1 000 1010

Decimal - 10




Method

Sign | Number

2’s complement 0 111 0011

1’s complement 0 111 0011

Binary 0 111 0011
Decimal + 115

Calculate in base 2, then in 2’s complement on 8 bits
ngi\ggcaLgSJcétﬂ\wa\gw\

0000 1010 + (—000 1000); 001 1001 + (—1011); 11 1111 + (-1)

N.B. The objective of this exercise is to understand how the 2’s complement can help us carry out
the arithmetic operations. First, we do the operation in base 2. Then, we redo the same operation
using the 2’s complement for the negative number.

iy 2 ) el L) sl L2 O E el o Vsleold! 32 ) el by (8™ o O F) e Sl
R ol

0000 1010 + (—000 1000)
Let z = 1010 and y = —1000 the equation becomes x + (—y) =z —y
If we calculate x-y in base 2 we get:
2JL;EI\%’;@;.\*J\éLa.w.x—i—(—y):x—ys\,u.\MyleOO),leOlO%@:xy,xubjﬁ
0000 1010

— 0000 1000
= 0000 0010

We represent the second Number (-y) as 2’s complement because it is negative.
e S8 G el e ¢ 1 ) el G A2t () sl sl
(—000 1000)2 - (1000 1000)(11)/8(,@'155 - (1111 0111)61/8bit$ - (1111 1000)62/8bit8

The calculus becomes = + (—y).1/8pits

0000 1010
4+ 1111 1000
= 10000 0010

S gl 0000 0010 S ol 8 e ) 2l
The 8-bit result equals 0000 0010 ignoring the extra bit.

Representation of real numbers Lzl slael) s
Convert into Binary L}L’il\ Jlde



13.25

Method

a. Integer part (13)10 = (1101)2
b. Decimal

e 020 x2=05=0.0
e 0.5x2=1.0=0.01
e 0 = 0.01

c. Result: (1101 01)

15.75

Method

a. Integer part (15)10 = (1111)2
b. Decimal

e 0.75x2=15=0.1
e 0.0x2=10=0.11
e 0 = 0.01

c. Result: (1111 11)9

(12.625)10 = (1100.101),

0.3

Ut
t




Method

a. Integer part (0)10 = (0)2

b. Decimal

0.3x2=0.6=0.0

0.6 x2=12=0.01
0.2x2=0.4=0.010

0.4 x 2=0.8=0.0100

0.8 x2=1.6=0.01001

becomes periodic L 445 )

0.6 x 2=1.2= 0.01001 1

0.2 x2=0.4=0.01001 10

0.4 x 2= 0.8 = 0.01001 100

0.8 x 2 =1.6 = 0.01001 1001
becomes periodic b )55 oz

0.6 x 2=1.2=0.01001 1001 1
0.2 x 2 =0.4 = 0.01001 1001 10
0.4 x 2= 0.8 = 0.01001 1001 100
0.8 x 2 =1.6 = 0.01001 1001 1001
becomes periodic L 445 )

0.6

c. Result: (0.01001 1001 1001)2




Convert the following binary numbers to decimal S Al AL d}-

0,11001

20 27119292324 [2°°
0o].] 1 1 0 0 1

(0.11001)g =0 x 20 + 1 x 271 +1x27240x234+0x2 4 +1x27°
=0+0.5+0.25+0+0+0.03125

101,1=5.5

110,001 = 6,125

10 0110, 1101 01 = 38.828125

Represent in binary floating point by IEEE754-16bits, IEEK754-32bits standards )
IEEE754-16bits, IEEE754-32 bits (y,Lall Wl ol SLal Jee

13.25
o Integer part : 13 = 1101
e Decimal part : 0,25 = 0,01
o (13.25)19 = (1101,01),
o Normalization : 1101,01 x 2° <=> 0.110101 x 24

 Pseudo-normalization IEEE 754 : <=> 1.10101 x 23 (in format of 1,xxxx where xxx =
pseudo mantissa)

Decomposition of Number into its various elementss:
o Sign bit: 0 (Number positif)
o Exponent on 8 bits biased by 127 = 3 + 127 = 130 = 1000 0010

e Pseudo mantissa on 23 bits: 1010 1000 0000 0000 0000 0000

Sign | Biased exponent Pseudo mantissa
0 1000 0010 1010 1000 0000 0000 0000 000
~15.75
Sign | Biased exponent Pseudo mantissa
1 1000 0010 111 1100 0000 0000 0000 0000
+12.625

ot
=~




Sign | Biased exponent Pseudo mantissa

0 1000 0010 1001 0100 0000 0000 0000 000
0.3
Sign | Biased exponent Pseudo mantissa
0 0111 101 001 1001 1001 1001 1001 1001

Convert to decimal the following binary number represented in floating point ( IEEE754-32
bits)
TEEE754-32 bits (s ) plad) 3] 1) aboold) (3 alzal) 2Jld) 2218 51aeY) S

Sign exponent Mantissa

1 1000 0010 | 1010 1000 0000 0000 0000 000
- | 130 = 127 + 3 = puissance3 10101

- 23 x1.10101

The result is —1.10101 x 2% = (—=1101.01); = (—13.25)10

Sign exponent Mantissa

1 1000 0100 | 1001 0100 0000 0000 0000 OO0
- | 132 =127 4 5 = puissance b 1001 01

- 2° x1.1001 01

Result is —1.1001 01 x 2° = (—=110010.1)3 = (—50.5)10

Sign exponent ‘ Mantissa \
0 10001010 | 11111000000000000000000
+ | 138 =127+ 11 = puissance 11 11111
+ 211 x1.1111 1

The result is +1.1111 1 x 2 = (+1111 1100 0000)2 = (+16128)1

Character encoding Oy A e s
Encode the message in ASCII “I'm 18 YeArs old ;)¢ L;f% L)) "/:J
L] misp| 1 [ 8 sp|Y e | Alr s |spjo|l]dlsp|;|)

149 [ 27 [ 6d | 20|31 |38]20|59 65|41 72| 73]20]|6f 6c| 64|20 3b]29]|

Decode the message from ASCII §f>!b 4 S Wl e



Code Character
01001001 I
00100000 space
01101100 1
01101111 0
01110110 v
01100101 e
00100000 space
01001101 M
01001001 I
00100000 space
01101110 n
10110000 °
00110001 1
00101110
Encode ’ ﬁlc ?3@\ " in Unicode
B e

Conversion of following numbers:

5 6 8 3 7 4
0101 0110 1000 0011 0111 0100

a. (568)peqg = 010101101000
b. (374)peq = 001101110100

Addition in decimal:

568
+ 374
942

Addition in BCD:

0101 0110 1000
+ 0011 0111 0100
1000 1101 1100

8 13 12

How to correct the result.
Add 6 to numbers greater than 10.

1

.

o)

sl g2

g G o

Sl o o 21 3 okl



10 o SV sl 4] 6 Capi

0101 0110 1000
+ 0011 0111 0100
1000 1101 1100

+ 0110 0110
1001 0100 0010
9 4 2
Redo the same work in EXCES3 3 S ) dlemsal alesdl s ol
a. Converting numbers: I slaeY! JsZ
) 6 8 3 7 4

1000 1001 1011 | 0110 1010 0111
(568)43 = 100010011011
(374)43 = 011010100111

b. Addition in EXCES3: 30 Al s & ol

0 100(1) 1001 1011
4+ 0110 1010 0111
1111 0100 0010

15 1 0

c. How to correct result. o) G u§.9 S
We add +3 if there is a carry, if there is no carry we subtract 3.
bl dls oK 113) 3 Gaisy (bl Abs 0 133 o

0 100(1) lOOi 1011
+ 0110 1010 0111
1111 0100 0010
—-0011 +0011 40011
1100 0111 0101

9 4 2

Create the Gray code table from 0 to 16.

16 310 oo (6l 5 p05 o 31V il 2

We start by 0000

60



Number | Number | even (s4)/ | note
of 1s | odd ¢35

0000 0 even the Number of 1 is even so the rightmost bit is
inverted.

0001 1 odd the Number of 1 is odd so the bit to the left of
the rightmost 1 is inverted.

0011 0 even the Number of 1 is even so the rightmost bit is
inverted.

0010 1 odd the Number of 1 is odd so the bit to the left of
the rightmost 1 is inverted.

0110 2 even the Number of 1 is even so the rightmost bit is
inverted.

0111 3 odd the Number of 1 is odd so the bit to the left of
the rightmost 1 is inverted.

0101 2 even the Number of 1 is even so the rightmost bit is
inverted.

0100 1 odd the Number of 1 is odd so the bit to the left of
the rightmost 1 is inverted.

if x = (11 0011 1011) in Gray code, then x+1 = (11 0011 1010) or (11 0011 1001)

Response: the number x = (11 0011 1011) contains 7 bits equal to 1, the count of 1s is odd, we
inverse the 1 on the left of the most right 1, which means the second bit from right

do il el e g g3 Slaol) sie OF (6l oo l)) 5l le 7 43 (11 0011 1011) = x saal) ol
ST LIPS | N P [P I PP\ R [
= (110011 1011) = (11 0011 1001)



Chapter 3’s Solutions

01

Draw the truth table of the following expressions:

a-+ab
a.(a+b)
a-+ab
(a+b)(a+Db)
(a+b)(a+c)

(a+b)@+c)

S fadl s

e 5yke SO AL ol el :

a+ab|ala+b) a+ab| (a+b

~—

—
IS
_|_
<

~—

—
IS
_|_
=
=
—
s
_l.
2}
e

+¢)

S

(a+b)(

e el i Bl k= Rl Nanl i =}
==l N Nen] Nenl N« ]
= OO OIFOI0
[l Bl Bl ol Nl Nen)l Nen) Ne)
=R N N Y Ren) Nen)
=R N N el Hen) Nen)

ol Bl Bl Ml vl el e N an)

[l B Bl ol vl Nev)l Nen) Neaw)
k=l Rl R e el N an)

Prove the following theorems by the truth table

Idempotence : a+a+a+ ...=a

a a | a at+a+t+at+at+at+a+a | a.a.a.a.a
0 0 0
1111 1 1
Identity a + 0 =a
a.l=a
a|0]1 a+0 | a.l
001 0 0
1101 1 1
Absorption a.0 =0
a+1=1
a 0 a0 a+1
0 0 1
110 0 1

Wkl Jylag Y Sl o,

Complementary a +a =1

a.a=20



a at+a | a.a
0 1 0
1 1 0

Proving De Morgan’s theorem using the truth table

ab=a+b
alb|‘a|b ab |l ab|la+b
00111 0 1 1
O|1]1 0 0 1 1
1100 1 0 1 1
1111010 1 0 0
a+b=a.b
a b ‘al|b at+b | a+b| ab
0]0] 1 1 0 1 1
O/1]11]0 1 0 0
171001 1 0 0
1/1/010 1 0 0

Esss L ] ik Jyae

Prove the following equations using the properties of Boolean algebra:

a+ab=a

Demonstration

a+ab = a(b+1) (common factors)
= a .1 (absorption)
= a ( identity)

a.(a+b)=a

Demonstration

a.(a+b) = a.a+a.b (distribution of . over +)

= a+ta.b ( idempotence a.a =a)
a+a.b = a.(b+1) ( common factors)
= a .1 (absorption)

= a ( identity)

GUs) bl ol Jlassl ol



at+ab=a+b

Demonstration

a+ab=a+b
a+a.b=(a+a).(a+ b)(distributionde + sur.)
= 1.(a + b)(complmentarita +a = 1)

= (a+1)
[
(a+b).(a+b) =a
Demonstration
(a +b)(a+b) = a + b.b (distribution of + over .)
=a
[

Simplify the following equations using the properties of Boolean algebra:

SU ) ol Jlestly Ly

(a+b)(a+c)

Demonstration

(a+b)(a+c)=a+ (b.c)(ditributionof + over.)

Demonstration

=d'.b+ a.c+ b.c(onaa.a’ = 0) (we note that the term b.c can be eliminated becaus
in common with a’.b and a.c)

=ab+a.c+b.ca+a)

=a.b+ a.c+a.b.c+ a.b.c(common factors)

=a.b.(l1+c¢c)+ac(l+0)

=ab+a.c

(a+b)(a+c)

Reduce equations using De Morgan’s theorem;

ab+a+b

Demonstration

ab+a+b
= (a.b).(@ + D)

= (a+b).(a+b)

=(a+0b)(a+b)

=aa+ab+ab+bb

=ab+ab ]




Express these functions in the first and second canonical form;
Gy Iy a1 Kl N Jlyl o e

flz,y,2) =2y + 22+ 7z

X |y |z fl | Minterm = Maxterm
000 0 (x+y+2)
0101 1 T.Yz

0/1]0 0 (x4 .7+ 2)
0111 0 (x+ .9+ .2)
11010 1 rYZ

11011 1 T.yz

111]0 1 TY.Z

1711 1 TYz

1st canonical form:
Fl=2yz+zxyzZ+zyz+2yz+ xyz
2nd canonical form

Fl=(x+4+y+2z2) (2+7+2)(z+7+2)

F2(a, b, ¢) = 1 if the number of variables at 1 is even

alb|c f2 | Minterm  Maxterm
0,00 1 abe
001 0 (a+b+7¢)
010 0 (a+b+c)
011 1 abe
1100 0 (@+b+c)
1/0/1 1 abe
1/1]0 1 abe
111 0 (@+b+v)

1st canonical form

F2= @.b.c + abc + a.bc + ab.c

2nd canonical form

F2= (a+b+¢)(a+b+c)a+b+c)(@+b+7)

F3(a, b, ¢, d) = 1 if at least two variables are equal to 1



alblc|d f3 | Minterm Maxterm
ojlololo 0 (a+b+c+d)
0001 0 (a+b+c+d)
ojlol1]0 0 (a+b+7c+d)
0,011 1 abed

01,00 0 (a+b+c+d)
o/1]/0]1 1 abed

0/ 1]1]0 1 abed

0/ 1]1]1 1 abed

1/0/0]o0 0 (@+b+c+d)
1001 1 abed

11010 1 abed

11011 1 abed

1/{1/0/0 1 abed

1101 1 abed

1110 1 abed

1111 1 abed

1st canonical form
F3 = abced + abed + abed + abed + abed + abed + abed + abéd + abéd + abed + abed

2nd Canonical form

F3=(a+b+c+d)(a+b+c+d)(a+b+c+d)(a+b+c+d)(a+b+c+d)

Simplify the functions of exercise 6 using the Karnaugh map
508 Jsaz 6 G B Jlys Loy

fl(x,y,2) = 2y + 22 + P2
1st canonical form:
Fl =29z +2xyzZ+2yz+2yz+ 2yz
yZ
00 01 11 10

f2(a, b, ¢) = 1 if the count of variables at 1 is even

1st cangnical form -
F2=a.b.c + abc + a.bc + ab.c



f3(a, b, ¢ , d) = 1 if at least two variables are equal to 1

1st canonical form
F3 = abcd + abed + abed + abed + abed + abed + abed + abed + abéd + abed + abed

cd
00 01 11 10

00 0 0 1 0

or | o |[1 [[r]l 1]
ab
1 (1 [ 1
10 0 1 1
Draw the logigrams of the functions of exercise 6 A dlpd ekl Collaket| fw)‘

fl(z,y,2) = 2y + 2Z + Yz (cf.figure 5.1)

f2(a, b, ¢) = 1 if the count of variables at 1 is even (cf.figure 5.2)

f3(a, b, ¢, d) = 1 if at least two variables are equal to 1 (cf.figure 5.3)



Figure 5.1: Logigramme de la fonction f1(z,y,2) = zy + 2z + yz.

EH> EH> >

BN

Figure 5.2: Logigram of function f2(a, b, ¢) = 1 if the count of variables at 1 is even.

Study the function F(x,y,z) =2 & (y + 2)

QA !

FA(z,y,2) =@ (y+2)=z.(y+2)+7.(y+ 2)

Truth table:



Figure 5.3: Logigram of function f3(a, b, ¢ , d) = 1 if at least two variables are equal to 1.

=

e el R Bl R=1 K ==] K] Nan) -2
== oo —lol o<
OO =IO =ON
OO oO|—RRIO O

Canonical forms:

1st canonical form:

FA(x,y,2) =T.yZ+T.y.z + .92

2nd canonical form:

Fi(z,y,2) =(x+y+2)(e+y+2)(z+7+2)(T+y+2)(T+7y+2)
Yz

00 01 11 10

oo o [1]1])

X

1 0100
Simplification:
flz,y,z) =2yz+7y
Logigram:



Figure 5.4: Logigram of F(z,y,z) =2 ® (y + 2).

10

Simplify the following Karnaugh maps

Fonction X 1

00 01 11 10

00&0‘11

0110‘11

ab

11 0 0 0 0

10@000

QI
S
+
>
Al
Q)

Simplified Sum of products : a.c +

Fonction X 2



cd
00 01 11 10

00 ofﬂ
1)

01 0
1] 0
10 1] o0

ab

]
&l

Simplified Sum of products : a.c.d + a.c.d + a.b.d + a.b.d + a.b.é.d + a.b.¢.d
Fonction X 3

00 01 11 10

00 o (1] o] o0

01 0 0 0 0

ab
11 0 0 0 1

10 1] 0| o |[1

Simplified Sum of products : a.c.d + a.b.d + a.b.é.d
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Tests n°1

Tests term n°1 : for chapter 1, introduction to computer science.

Glegadl Jode I5Y1 ol 1035 2 gl
How long does it take to download a 56MB file with a 512kb/s ADSL connection? (1,5 pts)
kb/s 512 42> ADSL Jlasl, cillas 56 aez o Jo o5 oAb
Count the first 20 numbers in base 12(1,5 pt)
12 LA 3 oY1 g 2l sl e

Make conversion by showing method (3 pts) EYIgA) - J}-
(2C3ABD)16 = ( )2 = ( )8

Calculate 10 110 010 - 101
Count the first 20 numbers in base 7. (1,5 pt)
7 LA G L1 el sl e

Make conversion by showing method (3 pts): @b - d}-
(5732641)g = ( )2 = ( )16

How long does it take to transfer a 12MB file between two phones via bluetooth at a speed of
360kb/s? (1.5pts)

Kb/s 360 4> &gl cpile (g Calblige 12 408 Gl oo o330 ol L

Convert the following numbers to base 8 (1,5pt) 8 uvl.f}!\ Sy slaeY! d}-
2, 8, 16, 24, 32, 64, 65

Make conversion by showing method (3 pts): L - d}-
(534672)g = ( )2 = ( )16

Calculate 101 011 011 =+ 101
Give the correspondence in binary numbers of the following numbers (1,5 pt)
A Wallall 2z sl Leel
2,4, 8, 16, 20, 32, 64



Make conversion by showing method (3pts): 4 L) - d;>-

(2671)10 = ( )8
(2671)10 = ( )2

Calculate 1 010 101 * 1 011 ?
Give the correspondence of the following binary numbers (1,5 pt)
A 3l 2 sl Ll b Laed
10, 100, 1000, 10001, 10000000 " ’
Make conversion by showing method (3 pts): 4 L) - d;—
(5401)6 = ( )4

What is the size that can be downloaded for 5 minutes with a 3G connection at a speed of 8
Mb/s? (1.5pts)

WG ol 8058 oy LI ) e Ll 365 5 I A Ko ol (F T L

Find X if (3X)5 = (X3)7 ? (1,5 pt)

Make conversion by showing method (3 pts): 4L - d;>-
(1E60)16 = ( )2
(1E6C)16 = ( )8

~
ot



Tests term n°2

Tests n°2 : for chapter 2 about Information coding and representation

ety Sl e Jm G Jadl 2 35 (oo ol

Convert to Exess 3 the two numbers then sum them
logrs! (f Ol B ol L Je
4785 and 1215

Calculate in 2’s complement on 8 bits the following operation <l 8 I 2] (’A‘ g e
0000 1111-0010 0001
Represent the following floating point number under the IEEE-754-32 bit standard
bits IEEE-754-32 Jlas mom 3V 5l Jo
(0.9)10

In ASCII code: if ’A’ is encoded (41)16 and ’a’ is encoded (61);¢, the space is encoded (20)16

Encode the following message without using the ASCII table
L,“T}H ‘BﬁLw)\iju r.g ‘(20)16 ° ) &\J,AJ\ 6(61)16 P a’ ;}J,J-\ 3 (41)16 B ‘Al JJ» ) OK \Jl 5«‘}“ ey L}
S Dy Jlanzal 09

”?Je Suis Gaza”

Convert into binary 136, 137,138,139 abal 4y d;>-

Decode the following floating point numbers under the IEEE-754-32 bit standard
bits IEEE-754-32 ,Lagc 28l aboldl o Y1 51ueY) e 7 b

1100 0100 0101 0000 0000 0000 0000 0000
1100 0101 0101 0000 0000 0000 0000 0000
0100 0100 1101 0000 0000 0000 0000 0000
0100 0110 0101 0000 0000 0000 0000 0000

if = (0100 1100 1100 1001) 44y, what is the value of x — 1, justify ?
¢l — 13 Lo = (0100 1100 1100 1001) 4yay 35 13

e o TP

Convert into binary Jt2l 1| Jp

a. (1111 0001 0001).2 = ( )2
b. (1111 1111 0101) o = ( )2




Represent in floating point under the IEEE-754-32 bit standard the number (0.66);9 with a
precision of 2710

2710 . jx (0.66)10 >4l bits [EEE-754-32 ,Lag 2L alolil J2a

Decode the following message from Unicode 5,553l LV A ey o

0643 | 0641 | 0644 | 063a | 0642 | 062¢ | 0626 | 0629

Represent the following floating point numbers under the IEEE-754-32 bit standard
451 510V bits [EEE-754-32 ,Lag 2L abolil 2

a. —0 0000 0001

b. —10 x 274

1

€. 102

Encode in BCD BCD J\ "/:)

a. 17502
b. 55824

Represent 2’s complement on 17 bits < 17 e 2 d) vA:ll, J:.a

( )02
( )62

convert into binary alal gl d}-
(006255 = ( )

a. (—062F)16
b. (=63E2)6

Represent (0 0625)g in floating point under the IEEE-754-standard on 32 bits
(0 0625)s >4a)) bits [EEE-754-32 ,Lag 2l aloldly fos

convert the following numbers to binary abal 4y d}-
a. (—0044)g = ( )2
b. (—0166)s = ( )2
¢ (314) = ( )

We suppose that ALG-20 standard of the 20-bit floating point representation
b E k20 Jo bl dold) J22 ALG-20 Lal) S



e sign on 1 bit
e exponent in 2’s complement over 6 bits

e pseudo mantissa on 13 bits

Represent numbers:

a. (0044)g
b. (0166)s
c. (314)s

Aty oy e ol
Sl 6 Je 2 U] el Y

e
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Tests term n°3

Tests n°3 : for chapter 3 about Boolean Algebra

GUsd s e I fadl 3 N o2 |

Study the following function rEN AR
f(a,b,c,d) =1 if the number (abed)s is multiple of 2 or multiple of 3.

3 lislas 51 02V Lielias 500l O 131 f(a,b,¢,d) = 1

Study the following function FEN AR
f(a,b,c,d) =1 if the number of bits at 0 is less than or equal to the number of bits at 1
o 261 s gslet 51 ol SLio W e 067 13) f(a,b,c,d) = 1

Study the following function Y AL ol
f(A,B,C,D)=1if A>=Cand B<=D

Study the following function Y I ol
f(a,b,c,d) = 0 if the number (abcd)s is prime.
sl (abed)y sa\ O 131 f(a,b,c,d) =0

Study the following function YA eyl
f(a,b,c,d) =1 if the number 3 <= (abed)s 12.

\

1

Study the following function rE AR
f(a,b,c,d) = 1if at least two zero bits are adjacent.

Ot Ol s oy 13] 1 = f(ab,cd)




Chapter 7
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7.1 Test term n°1 solutions

Solution n°1

How long does it take to download a 56MB file with a 512kb/s ADSL connection? (1,5 pts)
Kb/s 512 45 ADSL Jlasl, Subligs 56 an Cibe o5 oM e o
Data: Size= 56MB
Speed = 512Kb/s
Time="?
Formula : size = time * speed
Time = size/speed

Calculus

. _ size __ 56MB___ 56x8Mb __ 56x8x210Kb _ .
time = J.000 = B19Kb/s = 512Kb/s —  513Kbs  — o905 = ldmind6sec

Count the first 20 numbers in base 12 (1,5 pt)
12 LG s 2l sl e
0,1,2,3,4,5, 6,7,8,9, A, B, 10, 11, 12, 13, 14, 15

Make conversion by showing method (3 pts) 4 | - d}-
(2C3ABD) 16 = (0011 1100 0011 1010 1011 1101); = (1303 5275)s
2 | C | 3 | A | B | D
ojof1]1f1]1]ofofojofr]1f[r]of[rjo]1]o[1]1][1]1][0]1
r | 3 | o | 3 | 5 | 2 | 17 | 5

WA Solution n°2

Calculate 10 110 010 - 101

10 110 010
- 00 000 101
= 10 101 101

Count the first 20 numbers in base 7. (1,5 pt)

7 LN G s ol sl e

0,1,2, 3, 4,5, 6, 10, 11, 12, 13, 14, 15, 16, 20, 21, 22, 23, 24, 25
Make conversion by showing method (3 pts): &l e Jp
(5732641)g = (101 111 011 010 110 100 001)y = (17 B5A1)15

5

7

3

2

6

4

01

111

011

0[1]0

1[1]0

1[0]0

7

B

5
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Solution n°3

How long does it take to transfer a 12MB file between two phones via bluetooth at a speed of
360kb/s? (1.5pts)

kb/s 360 4> gl cpisls Cp Soblae 12 aaz Cale o od 2330 el Le
Data Size= 12MB
Speed = 360Kb/s
Time="?

Formula : size = time X speed

size

time = 7
spee
Calculation
_ taille _ 12MB _ 16x8Mb __ 12x8x2'0Kb _ _ ;
temps = {GE = 360Kb/s 365}(17/5 = §<60>;(b/s = 273s = 4min33sec
Convert the following numbers to base 8 (1,5pt) 8 LY V) slaeY! d}-
* (2)10=(2)8
* (8)10=(10)s
 (16)10 = (20)s
o (24)10 = (30)s
o (32)10 = (40)s
e (64)10 = (100)s
o (65)10 = (101)g
Make conversion by showing method (3 pts): 4 L) - d;>-
(534672)s = (10 1011 1001 1011 1010)5 = (2 BIBA)yg
5 3 4 6 7 2
tjof1foj1fri1fojojr[1]oj1][1][1]0[1]O
2 | B 9 | B |

Solution n°4

Calculate 101 011 011 =+ 101
101 0110 11| 101

0 0110 | 1000101
1 11
10
Give the correspondence in binary numbers of the following numbers (1,5 pt)

L Wallal) a2 sl Leel

a. (2)10 = (10),

b. (4)10 = (100),

c. (8)10 = (1000)s
d. (16)10 = (10000),

o
[\)



c. (20)10 == (10100)2
f. (32)10 = (100000)9
g. (64)19 = (1000000)

Make conversion by showing method (3pts): &l e Jp

a. (2671)10 = (5157)s
2671 | 8
7 3338
5 418
58
5 0
b. (2671)10 = (5157)s = (101 001 101 111),

We pass directly from base 8 to 2 2 LA 8 (L) e 6 dle :.,CJ

1
1

101 | 001 | 101 | 111

Solution n°5

Calculate 1 010 101 * 1 011 ?

1 010 101
X 1 011
1 010 101

10 101 O1.

000 000 O..

1 010 101 ..
1 110 100 111

I+ + +

Give the correspondence of the following binary numbers (1,5 pt)
@A G ) 2 Sl e b s
10, 100, 1000, 10001, 10000000

10)2 = (2)10
100)2 = (4)10

b. (
. (1000)2 = (8)10
- (
-+ (

a2 o

10001)2 = (17)10
10000000)2 = (128)1¢

@

Make conversion by showing method (3 pts): 4 k| - d}-
(5401)6 = ( )4
(5401)6 =5 x 63 +4 x 62+ 0 x 6! +1 x 6°
=5x216+4x36+0+1
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(1225)10 = (103021)4
(5401)¢ = (103021)4

(AN Solution n°6

What is the size that can be downloaded for 5 minutes with a 3G connection at a speed of 8
Mb/s? (1.5pts)

WG ol 8058 oy SIW ) e Ll 365 5 I A Se dl (F T L
Data:
Size= 7
Speed = 8Mb/s
Time= 5 min = 5 x 60 = 300s
Formula : size = time X speed

Calculation
taille = temps x dbit = 5min * 8Mb/s = 300 x 8Mb = 300 x 225 — 3005 x 1MB/s = 300M B

Find X if (3X)5 = (X3)7 7 (1,5 pt)
(3X)5 = (X3)7
— 3xb+X=XxT7T+3
—= 15+ X=7TxX+3

= 12=6x X
X =2
Make conversion by showing method (3 pts): i L) - d}-

(LE6C)16 = (0001 1110 0110 1100)5
(LE6C) 16 = (17154)s

1 | E 6 C
ojofofrfr]r[1]ofoj1[1]of[1]1]0]0
0 T | 7 | 1 | 5 | 4
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(WA Test term n°2 solutions

(WRE Solution n°1

Convert to Exess 3 the two numbers then sum them
Loans) ¢ o) 838 301 3] U
4785 = (0111 1010 1011 1000) 43
1215 = (0100 0101 0100 1000),3

0 1 1 1 Carry
0111 1010 1011 1000 || 4785 in exces3
+ 0100 0101 ;0100 1000 || 1215 in exces3
= 1100 0000 0000 0000 | exces3
-011  +011 4011 4011 || correction
= 1001 0011 0011 0011 || result in excess3
6 0 0 0 || decimal

Calculate in 2’s complement on 8 bits the following operation <l 8 Je 2| V“:'U G
0000 1111-0010 0001

0000 1111-0010 0001 = 0000 1111 4 (-0010 0001)
We represent the negative number in complement to 2 then we do the addition
AL sl e oW sl o ¢ 2 Q) erl) B LI sl 2
(—0010 0001)2 = (1101 1110); = (11011111)c2
0000 1111

+ 1101 1111
= 1110 1110

Represent the following floating point number under the IEEE-754-32 bit standard
bits [EEE-754-32 JLas mem 3V 5] J2o

(0.9)10

09x2=138
0.8x2=1.6
0.6 x2=1.2
02x2=04
0.4x2=0.8

(becomes periodic % 45 =)
then 0.9 = 0.1 1100 1100 1100 1100 1100

we normalize the number :

(0.1 1100 1100 1100 1100 1100 )2 = 1, 1100 1100 1100 1100 1100 x 2!

e sign bit 0
 biased exponent —1 4 127 = 126 = (0111 1110)3
e pseudo mantissa 1100 1100 1100 1100 1100 110

| 0] 0111 1110 | 1100 1100 1100 1100 1100 110




(WA Solution n°2

In ASCII code: if 'A’ is encoded (41)16 and ’a’ is encoded (61);6, the space is encoded (20)16

Encode the following message without using the ASCII table
Y W) e ré «(20)16 o ) C\ng\ ((61)16 » 2" 2 AN sys (41)16 A"~ sy OK 3] :5«‘}!\ vy (__3
.&ﬂi}“ d}-\D Jlaszs! U9

”Je Suis Gaza”
J e Space S u i S Space G a z a
Ox4a | 0x65 | 0x20 | 0x53 | 0x75 | 0x69 | 0x73 | 0x20 | 0x47 | 0x61 | Ox7a | Ox61

Convert into binary 136, 137,138,139 L;L:i)\ Jl d;>-
e (136)10 = (1000 1000)2

e We convert 136, then we add 1, and so on.
855 oy i & 136 Ji2

e (137)10 = (1000 1001),
e (138)10 = (1000 1010),
e (139)10 = (1000 1011),

Decode the following floating point numbers under the IEEE-754-32 bit standard
bits TEEE-754-32 ,Lac 281 aboldl o 21 51ueY) e 7 6

a. 1100 0100 0101 0000 0000 0000 0000 0000
1| 100 0100 O 000 0000 0000 0000 0000 0000

- | biased exponent 136-127=9 | 1,0
- ] 1.101 x 2136127 — 1 101 x 29
-1101 000 000

b. 1100 0101 0101 0000 0000 0000 0000 0000

1] 10001010 000 0000 0000 0000 0000 0000
- | biased exponent 138-127= 11 | 1,0
- | 1.101 x 21 1,0

—1101 0000 0000

c. 0100 0100 1101 0000 0000 0000 0000 0000

0 | 10001001 000 0000 0000 0000 0000 0000
+ | biased exponent 137-127=10 | 1,0
+ | 1.101 %210

+110 1000 0000

d. 0100 0110 0101 0000 0000 0000 0000 0000 = +1 0 * 23 = (+8192)1¢

Solution n°3

if 2 = (0100 1100 1100 1001) 4y, what is the value of x — 1, justify ?
¢ fle,x — 1 %d Lo,z = (0100 1100 1100 1001)gqy 5 13
r —1 = 0100 1100 1100 1000

Justification: because the previous one contains an even number of 1s, so invert the last bit.

N 3 B 1 e o Lo e (2 ey L) sl pp = 1 el



Convert into binary gt (1) d;—

a. (1111 0001 0001)¢ = ( )2
 ( 11110001 0001)ep =
 ( 11110001 0000)¢; =
o (—0000 1110 1111),

b. (1111 1111 0101).2 = ( )2 =
o (11111111 0101)ep =
o ( 11111111 0100)¢; =
« (—0000 0000 1011),

Represent in floating point under the IEEE-754-32 bit standard the number (0.66)19 with a
precision of 2710

2710 . jx (0.66)10 >4l bits [EEE-754-32 ,Lag 2L alolil 2
0.66)10 = ()2 rounded to 2710

0.66 x 2 =1.32
0.32 %2 =0.64
0.64%2=1.28
0.28 x2 =0.56
0.56 x2 =1.12
0.12%x2=0.24
0.24%2 =0.48
0.48 %2 =0.96
0.69 %2 =1.92
0922 =184

0.66)10 = (0.1010 1000 11)3 rounded to 271° 0.66)19 = 1,010 1000 1 % 27!

e sign bit 0
o exponent —1 4 127 =126 = (0111 1110)2
e pseudo mantissa = 0101 0001 1

1 0] 0111 1110 | 0101 0001 1000 0000 0000 000 |

Solution n°4

Decode the following message from Unicode 5,555l WY Al ey

0643 | 0641 | 0644 | 063a | 0642 | 062e | 0626 | 0629

- -

4 - g C Jd 'd Z_g °

Represent the following floating point numbers under the IEEE-754-32 bit standard
451 s)aeY! bits [EEE-754-32 ,Lag 2L alolil 2

a. —0 0000 0001 = —1.0 x 278

o mantissa = 000
o sign 1
e exponent —8 + 127 = 121 = 0111 1001



e representation in FP : 1 0111 1001 0000 0000 0000 0000 0000 000
b. —10x 274 =-1.0x%x273

e sign 1

e mantissa 0

e exponent -3 4+ 127 = 124 = 01111100

e Representation in FP : 1 01111100 0000 0000 0000 0000 0000 000

. =15 =1,0x 2710

_1
1024
e sign =0
e mantissa 0
o exponent -104+127 = -117 = 01110101

e Representation FP : 0 01110101 0000 0000 0000 0000 0000 000
Encode in BCD BCD JL ‘;J

a. 17502 = (0001 0111 0101 0000 0010) cp
1 7 ) 0 2
0001 | 0111 | 0101 | 0OOO | 0010
b. 55824 = (0101 0101 1000 0010 0100) pcp

) 5 8 2 4
0101 | 0101 | 1000 | 0010 | 0100

Solution n°5

Represent 2’s complement on 17 bits < 17 Je 2 d) V‘,:lb ‘_}.:w
a. (—062F)16 = ( )e2
(—062F )16

= (—0000 0110 0010 1111),
( 1111 1000 1101 0000),1
( 1111 1000 1101 0001).2

b.

—~

—63F2)16 = ( )e2
—63E2) 16

(—0110 0011 1110 0010),

(

= (

ey

1001 1100 0001 1101)y
1001 1100 0001 1110).2

convert into binary L}tﬂ\ Jdl J;.
(0 0625)s = ( )2
(0 0625)s = (0.000 110 010 101),

Represent (0 0625)g in floating point under the IEEE-754-standard on 32 bits
(0 0625)g 3l bits [EEE-754-32 ,Lag 2L alolil 2

« (00625)g = (0.000 110 010 101),
« =0.0001,1001 0101 x 24



e sign bit 0
o exponent -4+127 = 123 = (0111 1011),

e pseudo mantissa 0
e Representation in FP: 0 0111 1011 1001 0 01 0000 0000 0000 000

Solution n°6

Convert the following numbers to binary

a. (—0044)g = (0,000 100 100),
b. (=0 166)s = (0,001 110 110),

c. (314)s = (0,011 001 100)s

S ) I

We suppose that ALG-20 standard of the 20-bit floating point representation
L E k20 o wtldl doldl |22 ALG-20 HLall S

e sign on 1 bit

-

e exponent in 2’s complement over 6 bits

e pseudo mantissa on 13 bits

Represent numbers:

a. (0 044)g= (0,000 100 100)3
e =1,001 x274

b. (0166) = (0,001 110 110),

sign 0

b\)Q&S)uy\
o@é&Z&LMQJN\

e

exponent in 2’s complement on 6 bits (—4)19 = (—000100)2 = (111011), = (111100)2
pseudo mantissa on 13 bits :110
Representation in ALGO-20 FP: 0| 111 | 100 100 100 000 000 0

sign

6bits exponent

mantissa 13 bits

0

111 100

100 100 000 000 O

e =1,110110 x 273

sign 0

exponent in 2’s complement on 6 bits (—3)10 = (—000011)9 = (111100),; = (111101).2
pseudo mantissa on 13 bits : 110 110

Representation in Algo-20 FP

| 0| 111 101 | 110 110 000 000 O |

c. (314)s = (11 001 100),

* Representation in Algo-20 FP:
| 0| 000 001 | 100 100 000 000 O |
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(BN Test term n°3 solutions

(@BRBE Solution n°l

3] Study the following function Y I eyl

f(a,b,c,d) =1 if the number (abcd)y is multiple of 2 or multiple of 3.

3 lislae 51 02V Lielias 30| O 13| f(a, b, ¢,d) = 1

f(a,b,c,d)=[0,1,2,3,4,6,8,9,10,12, 14, 15|
f(a,b,c,D)=5[0,1,2,3,4,6,8,9,10,12, 14, 15|

| _[A[B|C|D|F
0]0]0]0]O0]|1
170,001 /1
2,001 ]01]1
31070111
470110011
5 1010|110
6 0| 1|1|0]1
71011110
8 110001
911100111
0170101} 1
11101 ]11]0
1211100} 1
31 ]1]0]11]0
14711101} 1
11111

Sum of products f(a,b,c,d) = a.b.c
a.b.c.d+ a.b.c.d+ a.b.c.d+ a.b.c.d
_l’_

Product of sums f(a,b,c,d) = (a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d)

cd
00 01 11 10

00 1 1 1 1

01 1 0 0 1

ab

11| 1| o (1 |[1]

1011’01

Karnough map
Simplified Sum of products: d + a.b.c + a.b+ b.c
Simplified Product of sums: (a +b+d).(b+c+d).(@a+b+¢+d)

Function Logigram

90

d+ a.b.c.d+ ab.c.d+ ab.c.d+ ab.é.d+ ab.cd+ ab.c.d+ a.

b

d+



C

B4 Solution n°2

3] Study the following function WY AL ol
f(a,b,c,d) = 1 if the number of bits at 0 is less than or equal to the number of bits at 1
el pB1 e st 1l SLen W e 067 13) f(a, b, d) = 1

f(a,b,c,d)=[3,5,6,7,9,10, 11,12, 13, 14, 15] f(a,b,c,D)=5"[3,5,6,7,9,10,11,12, 13, 14, 15]

| |[AlB[C|D]|F|

0O]0]0]0O]0]O0
11000110
210]0]1]01]0
3010|1111
410, 1]0]01} 0
510110111
6 |01 ]1]0]|1
71001111
8|1 1]0]0]01]O0
91170011
100/1]0 10| 1
11101 1}1
121111 ,0]0}| 1
13/1]71,0]1141
471110} 1
11111

Sum of products f(a,b,c,d) = a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d +
a.b.c.d + a.b.c.d+ a.b.c.d

Product of sums f(a,b,c,d) = (a+b+c+d).(a+b+c+d).(a+b+é+d).(a+b+c+d).(a+b+c+d)



cd
00 01 11 10

OOOOMO

01 0 1 1

ab

1 (1 [[1 1

10 0 1 1 1

Karnough map
Simplified Sum of products: a.b + a.c+ a.d + b.c + b.d + c.d
Simplified Product of sums: (a +b+c¢).(a+b+d).(a+c+d).(b+ c+d)

Function Logigram

= = > 5 @ Q
t Q > Q o o

Solution n°3

Study the following function LY I eyl
f(A,B,C,D)=1if A>=C and B<=D

f(a,b,e,d) =10,1,5,8,9,10,11,13,15]

f(a,b,¢,D)=>"[0,1,5,8,9,10,11, 13, 15]
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. [A[B[C|D|F|
O[0|O0|0]O 1
1100 ]0]1 1
2100111010
317001110
4 1011101010
5 010111
6 0|1 1010
710111 0
8| 1]0]0]01]1
9 1]01]0]1 1
100, 1,010 1
11,0111
12/1]1]o0l0]o0
13,1101 1
411100
5111111 1

Sum of products f(a,b,c,d) = a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d

Product of sums f(a,b,c,d) = (a +b+c+d).(a+b+ c+d).(a+b+c+d).(a+b+c+d).(a+b+c+
A(@a+b+c+d).(a+b+c+d)

cd
00 01 11 10

00 1 1 0 0

01 0 1 0 0

ab

11 0 1 1 0

0 |1 Bl ]| 1)

Karnough map
Simplified Sum of products: a.d + a.b + é.d + b.¢

Simplified Product of sums: (a + €).(b + d)

Function Logigram



Solution n°4

Study the following function FE AR
f(a,b,c,d) =0 if the number (abed)s is prime.

Wyl (abed)y sadl O 13) f(a, b, e,d) =0
f(a,b,c,d)=[0,4,6,8,9, 10,12, 14, 15]
f(a,b,c,D)=51[0,4,6,8,9,10, 12, 14, 15]

. |AlBJC[D|F|

0]0]0]0]O0¢|1
170101 0]1Y0
21070 1]01]0
310[0]1 |10
47011001} 1
510710110
6 |01 ]1]0]|1
7101110
8110001
911100111
10/170 1011
11101 ]1]0
12110011
31 ]1]0]1]0
4711101} 1
11111

Sum of products f(a,b,c,d) = a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d+a.b.c.d

Product of sums f(a,b,c,d) = (a +b+c+ Ya+b+c+d).(a+b+e+d).(a+b+c+d).(a+b+c+

d).(@a+b+c+d).(a+b+c+d)



cd
00 01 11 10

00 1 0 0 0

01 1 0 0 1
ab

i {f | o ([t |[1]

o |@T) o ]

Karnough map
Simplified Sum of products: a.d + b.d + a.b.c + é.d + a.b.¢
Simplified Product of sums: (a4 d).(a +b+&).(b+ ¢+ d).(b+ ¢+ d)

Function Logigram

Solution n°5

Study the following function LV A eyl
f(a,b,¢,d) =1 if the number 3 <= (abed)y 12.

f(a,b,c,d)=[3,4,5,6,7,8,9,10,11,12]

f(a,b,c,D)=>"[3,4,5,6,7,8,9,10,11,12]



| [A[B|C|D|F|
0O]0]0]0]0]O0
17000110
21070 1]010
31070111
470110011
5 101011
6 0|11 0|1
71001111
8110001
911100111
0101011
11101 1}1
121100} 1
31 ]1]0]11]0
4717117010
)1 ]1]1]1]0

Sum of products f(a,b,c,d) = a.b.c.d + a.b.c.d + a.b.é.d + a.b.c.d + a.b.c.d + a.b.e.d + a.b.c.d + a.b.c.d +
a.b.c.d+a.b.c.d

Product of sums f(a,b,c,d) = (a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+e+d)

cd
00 01 11 10

00 0 0 1 0

01‘1 1 || 1]] 1]

ab
11 u 0 0 0

0|1 1] 1] 1]

Karnough map

Simplified Sum of products: a.b+ a.b + a.c.d + b.¢.d

Simplified Product of sums: (a +b+¢).(a+b+d).(a+b+¢).(a+b+d)

Function Logigram



Solution n°6

Study the following function

f(a,b,c,d) = 1if at least two zero bits are adjacent.

f(a,b,c,d)=[0,1,2,3,4,8,9,12]
f(a,b,c,D)=37[0,1,2,3,4,8,9,12]

. |[AlBJC|[D|F|

0O /010]0]O0]J1

1700101} 1

21001011

3001111

4 101,001} 1

501,011} 0

6 |0]1]1]01]0

71011110

8| 1]0]0]01]1

911100111

10/1,011,01]0

111011} 0

12111100} 1

13111701110

41171717010

5111, 11]0
Sum of products f(a,b,c,d) = a.b.c.d + a.b.c.d + a.b.c
Product of sums f(a,b,c,d) = (a + b+ c+ J).(aj— b+
d).(a+b+c+d).(a+b+c+d).(a+b+c+d)

S

ol

Ql

LY I eyl

Oyt Ol s oy 3] 1 = F(abycd)

+

S|

I

+ &



ab

Karnough map

Simplified Sum of products: a.b + B.E_
(b+2¢).(b+d)

Simplified Product of sums: (a + ¢)

Function Logigram

C.D
—

B.

Qi

:

00

01

11

cd

00 01 11 10
1]l 1] 1| 1)
1o oo
1/bo] oo
1/l 1] o | o
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8.1 Exams O lloeze)

Subject n°1

OB 58 & bl e 5y Ll Y1 0 v‘J

Exercise 1 (7 pts):

Prove using the algebraic properties that AU ) (ol dleazaly L;i Y
(a+0b)(a+c)=ac+ab

What is the interval that can be represented on 20 bits in 2’s complement.
2 3] pall 2y 20 o At K5 sl S L

Represent 2’s complement on 17 bits <17 e 2 d) V.QJ.U L} Jee
(—=062F)16 = ( )ea2
(—6372)g = ( )ca2
Cite the differences between ASCII code and Unicode 555554l 5:‘}!\ 5w B 53
Give full ASCII name S 5lazs W el 5L e

]E If X is represented in gray code as 0101 0010 1110 give the next four numbers of X
adi 31 Y1 51N 2 5,8 3 Rl Lael 0101 0010 1110 5 (615 o7 & St X 524l 367 15 sl

Exercise 2: (02 pts)

Calculate in base 12 the following operations 12 ‘)"Lﬂ%y\ 3 Y Ol WT

e 56A + 152
e 562 - 16A

Exercise 3 : (05 pts)
Convert into binary 136, 137, 138, 139 L}tﬂ\ Jl d;>-

Decode the following floating point numbers under the IEEE-754-32bits standard
<o TEEE-754-32 jlas o 2601 o] (3 el 2531 slieN) g 7 Sl

1100 0100 0101 0000 0000 0000 0000 0000
1100 0101 0101 0000 0000 0000 0000 0000
0100 0100 1101 0000 0000 0000 0000 0000
0100 0110 0101 0000 0000 0000 0000 0000

e TR SR
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Exercise 4. (06 pts)

Study the following function

'@’Y\ WA ey

f(A, B, C, D) = 1 if the number (ABCD)3 is even and A is different from C.
Cop z Ay sy (ABCD)g sl 08 13| f(A, B,C, D) =1

Truth table

e Canonical forms
o Karnaugh map

o Simplified function logigram

ikl e

a5 I

)})K Lz

ool I ilae Lz

Subject n°2

Exercise 1. (5 pts)

Choose the correct answer with justification

a. (B6C9).
i. (1011011011 001 001),
ii. (10100110 1100 1001)s
iii. (101 0110 1100 1001),
b. zz4+zy+y.z :
i. not simplified
ii. z.2+2.y
ii. z.2 +y.2
c. (1453)1 :
i. (1 0100 0101 0011)Bep
ii. (0001 0100 0101 0011)Bcp
iii. (101 1010 1101)gep
d. If x = (111 0 111) in Gray code, then x — 1 =
i. (1110 110)
ii. (111 0 101)
iii. (111 0 100)
e. 16-bit 2’s complement spans the range
i. [-32768 ;+32767]
ii. [—32767 ;+32767]
iii. [0 ; +65535]

Exercise 2. (2 pts)

) o o) 301 s
(i ¥ s 05 3] K)
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Code your first name in Arabic in Unicode, (if your name is very long, code the first 10 letters)

(L LsY1 5 2l Cop L1 oy Slsb el 08 13)) 5,850 5 Al el o)

Exercise 3. (2 pts)
Calculate in base 8: 756 + 122

Calculate in base 16.

e 756 +122
« AB20 - 1CD1

Exercise 4. (5 pts)
Convert the following numbers to binary (show method ErIgA) L;u)

a. (—0016)g
b. (—|-7, 8)16

Consider the ALG-20 standard of the 20-bit floating point representation

e Sign on 1 bit
e Exponent in 2’s complement on 6 bits

o Pseudo mantissa on 13 bits
£ 2420 o 2L ol 3aal sl 58 ALG-20 LLall S
LW Uy oy e
26 de 2 el o -
S 13 e g e b d -
Represent the number (0.016)8 under the ALG-20 standard ALG-20 ,Lall - (0 016)_8 54! Jg.a

Decode the number written under the ALG-20 standard ALG-20 jlall cuo S sl J28 ¢l
1000 1011 1100 0000 0000

Exercise 5. (6 pts)

Study the following function rE AR
F(A,B,C,D)=1if A>=C and B <= D.

o Truth table iaad| Jyds
e Canonical forms 4 5l JE2Y
o Karnaugh map 5,8 Lhe
o Simplified function logigram gl Il e Labz
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Nl Exam solutions Szl J gl

Solution of subject n°1

Exercise 1. (7 pts):

Prove using the algebraic properties that SUs At ol Jlenzuly Q‘L o op

(a+0b)(a+c)=ac+ab

Demonstration

(a+b)(@+c)=aa+ac+ab+ b

=0+ac+ab+bc

= ac+ ab+ bc(a + a)

= ac + abc + ab + abc

=ac(l1+0b)+ab(l+c)

=ac+ ab ]

What is the interval that can be represented on 20 bits in 2’s complement.
2 ] pall 4 20 o i K5 gl S L

[_220 ;220 o 1]
Represent 2’s complement on 17 bits < 17 e 2 d) V’“ﬂ" S S
a. (—062F>16 = ( )02

(—=062F )16 = (1 0000 0110 0010 1111)4,
= (11111 1001 1101 0000)c1
= (11111 1001 1101 0001)c2

b. (—6372)g = ( )e2
(—6372)s = (1110 011 111 010)4,
= (1 001 100 000 101).4
= (1 001 100 000 110).2
Cite the differences between ASCII code and Unicode 5,554l 5:\(\ s B 53
ASCIT | Unicode
English | multilingual
8 bits 16 bits
Give full ASCII name ST sl W el 5L e

ASCII : American Standard Code for Information Interexchange

@ If X is represented in gray code as 0101 0010 1110 give the next four numbers of X
adr ) V) SaeN gl g 587 3 @) Lo 0101 0010 1110 5 sl 2 5pe5 & St X sl 067 13] sl
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x = 0101 0010 1110

e x+1=01010010 1111
e x4+ 2=0101 0010 1101
e 2+ 3=01010010 1100
e x+4=01010010 0100

Exercise 2: (02 pts)

Calculate in base 12 the following operations 12 uvaY\ 3 Y Slles! WT
'5 6 A
e (56A+152=700)20 + 1 5 2
7T 0 0
5 126 12 2
o (562 —164=3B4);, - 11 16 A
3 B 4

Exercise 3 : (05 pts)

Convert into binary 136, 137, 138, 139 é\;ﬂ\ Jl d;>
e (136)10 = (1000 1000)2
e (137)10 = (1000 1001)2
o (138)19 = (1000 1010)2
e (139)190 = (1000 1011)s

Decode the following floating point numbers under the IEEE-754-32 bit standards
<o IEEE-754-32 jlas o 2L dboldll (3 altall 2530 s1ieN) 5o 7 o

a. 1100 0100 0101 0000 0000 0000 0000 0000

1| 100 0100 O 000 0000 0000 OO00 OO00 0000
- | Biased exponent 136-127=9 | 1,0

- | 1.101 x 28367127 = 1,101 x 27
-1101 000 000

b. 1100 0101 0101 0000 0000 0000 0000 0000

1110001010 000 0000 0000 0000 0000 0000
- | Biased exponent 138-127= 11 | 1,0
- | 1.101 x 2 1,0

—1101 0000 0000

c. 0100 0100 1101 0000 0000 0000 0000 0000

0 | 100 0100 1 000 0000 0000 0000 0000 0000
+ | Biased exponent 137-127= 10 | 1, 0
+ | 1.101 x 219

4110 1000 0000

d. 0100 0110 0101 0000 0000 0000 0000 0000 = +1 0 x 213 = (+8192)19
Exercise 4
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Study the following function Y eyl
f(A, B, C, D) = 1 if the number (ABCD)3 is even and A is different from C.
C o k2 Ay 3y (ABCD)y 2l 06 3] f(A, B,C, D) = 1
f(a, b, ¢, d)=[2,6, 8, 12]
f(a, b, ¢, d)=>_[2,6,8,12]

| |[A|B|C|DJF

0[O0 0]0]O01}O
1 70]0]0 |11} 0
210701 ]0¢(1
310701110
4101701010
5101010
6 0| 1]1|0]1
7101110
811010011
91170010
100/1]70]1]010
1110|111} 0
1271 ]1]0]01| 1
13/1]1]70]110
411111010
1511111} 0

Sum of products f(a, b, ¢, d) = a.b.c.d + a.b.c.d + a.b.c.d + a.b.c.d

Product of sums f(a, b, ¢, d) = (a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+
d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d).(a+b+c+d)

cd
00 01 11 10
00 0] 0 0 m
0Ll 0| 0|0 M
ab
11 m 0 0 o0
10 u 0l 0 o0

Karnough map

Simplified Sum of products: a.c.d + a.c.d

Simplified Product of sums: (d).(a + ¢).(a + ¢)

Function Logigram
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Solution of subject n°2

Exercise 1. (5 pts)
Choose the correct answer with justification S - dmedll WY s
(i Y s 095 Bl K)

(B6C9)16 = response A. (1011011 011 001 001)s

z.z2+Z.y+y.z : response B. x.z + 2.y

(1453)19 : response B. (0001 0100 0101 0011)pcp

If x = (111 0 111) in Gray code, then x — 1 = response B. (111 0 101)
e. 16-bit 2’s complement spans the range: response A. [—32768 ;+32767]

o T @

e

Exercise 2. (2 pts)

Code your first name in Arabic in Unicode, (if your name is very long, code the first 10 letters)

(L L3152l Cop Ll oy Slsb el 08 13)) 5,850 5 A el )

¢ < > | Jd é | > B
0x639 | 0x628 | 0x62f | 0x20 | 0x627 | 0x644 | 0x642 | 0x627 | 0x62f | 0x631

Exercise 3. (2 pts)
Calculate in base 8: 756 + 122

L1y 15 ¢
+ 1 2 2
1 1 0 0

calculate in base 16.

o 756 +122
7 5 6
+ 1 2 2
8 7 8

e AB20- 1CD1
A +16B +162 —|—160
- 11 1C 1D 1
8 14E 4 15 F




Exercise 4. (5 pts)
Convert the following numbers to binary (show method LIl Jy)

a. (—0016)s
(=0 016)g = (—0,000 001 100)2 separate into trois bits

b. (+7,8)16
(+7,8)16 = (0111, 1000) separate into 4 bits

Consider the ALG-20 standard of the 20-bit floating point representation

e Sign on 1 bit
e exponent in 2’s complement on 6 bits

¢ Pseudo mantissa on 13 bits
£ 2420 o 3l ol 3aa ) slaeY) 152 ALG-20 LLall oS
LW Uy &y e
26 e 2 el A -
S 13 e g e bl -

Represent the number (0.016)8 under the ALG-20 standardALG-20 ,lall e (0 016)_8 >4l J:.»
Represent number (0 016)g

« (0016)s = (—0,000 001 100)s

e = (—0,000 001 100)3 = 1,110 x 276

o sign(

o exponent in 2’s complement over 6 bits (—6)19 = (—000 110)9 = (111 001),; = (111 010).2
e pseudo mantissa on 13 bits : 110.

o Representation in FP under Alg-20 norm. 0 | 111 010 [110 000 000 000 0.

Decode the number written under the ALG-20 standard
ALG-20 jlall o oS sl 22 o
1000 1011 1100 0000 0000

e 1000 101 1 1100 0000 0000

e sign bit 1 = —

e exponent 000 101 =5

e pseudo mantissa 1 111

o = —1111 x 2° = —111100 = —60

Exercise 5. (6 pts)
Study the following function rEN AR
F(A, B,C, D) =1if A>=C and B <= D.
(see test solution page 7.3 on page 92)
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Appendice A | Gode

T ) L1 el I 5l) 51l ol ) e 3208 s

IR Books s

+(2012 Zerrouki,) http://nibras.sf.net il Catdl Sladbhall s ply OF

Ait-Aoudia Samy, Architecture des systémes informatiques (Frangais), OPU, 2012, (Ait-Aoudia,
2012).

Drias-Zerkaoui Habiba Introduction a larchitecture des ordinateurs (Francais), OPU, 2003
(Drias-Zerkaoui, 2003).

M.C. Belaid, Algebre de Boole et Fonctions Logiques (Frangais), Pages bleus, 2007 (Belaid,
2007a).

M.C. Belaid, Circuits Logiques Combinatoires et Séquentiel (Frangais), Pages bleus, 2007(Belaid,
2007D).

Souag Nadia, Logique combinatoire : Exércices corrigés (Francais)(Souag, 2013),

I[N Courses online OﬁWJT;fJJJ

Cours Informatique by Taha Zerrouki (Arabic, french, english): http://infobouirauniv.
wordpress. com (Zerrouki, 2013)

Cours Structure machine par Hakim Amrouche (Frangais)http://amrouche.esi.dz (Amrouche,
2021)

TD et Examen par Pr. Amar Balla (Frangais): http://balla.esi.dz/ (Balla, 2021)
http://www.allaboutcircuits.com/

DZuniv Le paradis des étudiants https://dzuniv.com/

IMKKRY Software Ola s i“"
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Simulation software: Multimedia logic http://multimedialogic.sourceforge.net/
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http://infobouirauniv.wordpress.com
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http://www.allaboutcircuits.com/
https://dzuniv.com/
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http://multimedialogic.sourceforge.net/

Glossary

Jf.w‘

cl;TY\):L,a.‘U Wy 0 pax Olodlaall :\.xc\;f-" ‘G /6.4)/(:;”14\‘ (Olalall 156

.(2013 Zerrouki,) ,(2012 Zerrouki,) ,(2004 e Olalydl gl b Zu).xl\) :(1990 ,pw & Al )

10.1.1 UYL TN

AT

Automatic [Automatique]

Initialization [Initialisation) oz
Alphabet [Alphabet] Lz
Meeting [Réunion] 514
Retain [Retenir] Lz Lo
Inclusion [Inclusion) o) gl
Contact details [Coordonnées] N
Choice [Choiz] Sl
Selection [Sélection] Sl
Encoder [Encodeur] e Al 3l
Multiplier [Multiplicateur) (olsly) o2 il
It [1f] 15)
If [S] 56 15)
so [Dond] 03l
Transmission [ Transmission) Jl |
Shift [Déplacement] 4
Base [Base] 3cs cuvLuT
Replacement [Remplacement] Jlaka)
Restitution [Restitution] gl Al
Restore [Restituer] e g
Involvement [Implication] okl
Identifier [Identificateur] () (w‘
Signal [Signal] $1%]
Convention [Convention] !
Lower [Inférieur] j..,j
On the other hand [D’autre part] e 5,/ J| 6ls)

A A e /NS

Reset [RAZ ( remise d zéro)] (sam) ,adl 4] ssk]
Implementation [Mise en ceuvre] slae)
Configuration [Configuration] — ¢hs ¢ K& cOlslae]

B e
L)
3

Give [Donner]
Restriction [Restriction]
Read [Read]

Superior [Supérieur] uﬁjﬁ
Acquire [Acquérir] S
The numbers of significance [Chiffres significatifs]
AV ol pB,Y)

Optimal [Optimal] (Jw%\) ‘_}:»“Y\
Algebraic structure [Structure algébrique] )
W adl

Algorithmic [Algorithmiquel Ol il
ASCII [Ascii]  lagall Jsld 2L31 15 V15,2201
Fixed point [ Virgule fize] PRI W]
Float point [Virgule flottante] TN RAWAP]
Determining [Déterminant) sud)
command [Commande] SA Claddes — /T
Realization [Réalisation] S|
Perform [Effectuer] B JAT
Decrease [Diminuer] gy ua.aj
Optimization [Optimisation] ‘_}i:\(\ sl
Rest [Reste] ab
Modular [Modulaire] ol
Gradually [Au fur et a mesure] - ekl 1AL
el

Obvious [Evident] f\ s ¢ g
Sub-program [Sous-programme] Fp éb P
Demonstration [Démonstration) Ola
Label [Etiquette] Bl
Dimension [Dimension] (:Lj) Jwrj
Dimension [Dimension] (;laj) Ay

Access [Accés)

Js5 s CC}L
Article [Article] Nt

Machine structure [Structure machine] AV
(=)

Data [Données| Slbans (Ol
Influence [Influence] b
Compilation [Compilation] A = Cagods -l
Divergence [Divergence] Ll

Permutation [Permutation]
Commutative [Commutatif]

ok
QLA o) wle

Series [Série (en série)

Compatibility [Compatibilité] (}N\: (il
Association [Association] Cﬁ
Associative [Associatif] 2
Update [Mise a jour] o
Editing [Edition] P e
Conversion [Conversion] Js”
Assignment [Affectation] oanad
Flow [Flux] PN
Verification [ Vérification] ExBY
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Recursive [Récursif]

Recurrence [Récursivité]
Order [Ordre] g
Modulo (mod) [Modulo (mod))

Composition [Composition] S
Designate [Désigne] Jos
Coding [Codage] e
Notation [Notation] s
Growth [Croissance] Al
Power supply [Alimentation] Ll - ey
Record [Record] P\
Management [Gestion] 5,05) - _pd
Statement [Déclaration] Ode| ¢4 a5
Design [Conception) );,43' o
Application [Application] Gy
Expression [Ezpression) sle s
Enumeration [Enumération) sl

Definition [Définition] S

Comment [Commentaire] A
Instruction [Instruction] PR
Fork [Branchement] ¢A
Decomposition [Décomposition) Ay
Intersection [Intersection] CLL::
Equivalence [FEquivalence] 55
Symmetrical [Symétrique] G bl
Coordination [Coordination] " Gl
Execution [Ezécution) Sl cdas

Parallel (in parallel) [Paralléle ( en paralléle)] ¢y

(A k)

Directive [Directive]

(©lexs) 45

Distributive [Distributif] Y
Combination [Combinaison] Wb §
Combinatorial [Combinatoire] S5
Stream [Courant] v
Constant [Constant] Ny
Secondary [Secondaire] <5t
Secondary memory [Mémoire secondaire] Y By
Byte [Octet] EME, (\S)T ol
Binary [Binaire] ale
Arroy [Array] Jyde
Table [Tableau] Jyde
Truth table [Table de vérité] — (ghw) Waadl g
Root [Racine] e
Square root [Racine carrée] S ol
Cubic root [Racine cubique] L;,_&),\a.
Module [Module] ) s
Part [Partie] s
Addition [Addition] o
Device [Dispositif] o}i» - Sl
Computer [Ordinateur] O gl
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PC Personal Computer [Pc personal computer]

2 ol

Quotient [Quotient] deed) ool
Case [Cas| |
Term [Terme] A
Limit [Borne] b s

Character [Caractére]

(S2) oo /em~
Field [Champ] 2

=

Real [Réel] s
Solve [Résoudre] :}4 J=
Loop [Boucle] Wl
Memory space [Espace mémoire] — daw ) 513 e
(5571

Particular [Particulier] ool
Store [Stocker] 0% q:;.
Line [Ligne] s
False [Fauz] s

Iteration [Itération]
Linear [Linéaire]

s
s

Cell [Cellule] s
Circuit [Circuit] a,ls
Sequential circuit [Circuit séquentiel] T 50>
Logical circuit [Circuit logique] iakate 54ls
Function [Fonction] Als
Exponential [Ezponentiel] oY Al
Sinus [Sinus] e Als
Degree [Degré] iy
Check [Vérifier] B B>
Hint [Indice] M
Rotation [Rotation] Olygs
Cycle [Cycle] 5593

Memory [Mémoire] 5513
RAM (Random Access Memory) [RAM (random

access memory)] L}\}i«)\ gl 5513
Rom (Read Only Memory) [ROM ( read only

memory)) L 5:) 55513
Central memory [Mémoire central] L5, 8513
Significant [Significatif] ESRE
Header [Entéte] (e ) WA
Rank [Ordre] Eg
Rank [Rang] i
Digital [Numérique] S
Bit (Binary Digit) [Bit ( binary digit)] é\: 3
Symbol [Symbole] 3

Synchronize [Synchroniser] o el
Time [Temps]

oo
Couple [Couple] Gl )
Even [Pair] )
Static [Statique] ‘;’{Lﬂ
Negative [Négatif] Al

Register [Registre]



Line [Ligne]
Capacity [Capacité]
serie [Chaine]
Semiconductor [Semi-conducteur] 4 o Iose 4
b

Charge [Charge] o]
Condition [Condition] A b
Shape [Forme]
Formal [Formel]

Object [Objet] O -
Configure [Configurer] Xl tle
Design [Concevoir] );as -

Industrial [Industriel] Flo
TRUE [ Vrai] i (Ol
Image [Image] ) 890
Formula [Formule] EESS
Multiplication [Multiplication] < 2
Multiplication [Multiplication] (olsly) o2
Printer [Imprimante] il

Natural [Naturel]
Substraction [Soustraction]

Manner [Maniére] @
Method [Méthode] @ b
Way [Fagon) @ b

Overflow [Débordement]

(0lad) geib

To treat [Traiter] gl
High [Haut] Jdl
Operand [Opérande] (P) b
Factor [Facteur] (;}/a\f«) el
Vector operator [Opérateur vectoriel] £l Jalo
Express [Ezprimer] J:,u" e
Number [Nombre] sk
Integer [Entier) == ke
Integer [Integer] sde

BCD: Binary Coded Decimal [BCD: Binary Coded

decimal] étﬂ\ rLE;J\ L} "/w‘/ S e sk
Random [Aléatoire] Syie
Random [Random] alsie
Organ [Organe] et
Relationship [Relation] B
Respectively [Respectivement] s Al ke
Operation [Opération] e
Column [Colonne] 54
Address [Adresse] Ol g
Mean [Signifier] BN

-

Asynchronous? synchronous [Asynchrone ¢ syn-

chrone] e ?oelie e
Undetermined [Indéterminé] sd2
Mouse [Sourie] 5,0

Odd [Impair]
Assumption [Hypothése]
Action [Action]
Effective [Effectif]

g2
Lo p
S -

e

Decoding [Décodage] e Al o
Concerning [Concernant] o2z L
List [Liste] ik
Reducible [Réductible] dizeN 6
Divisible [Divisible] el e
Rule [Régle] 3cs

Law [Loi] 05

Canonical [Canonique] Q56
Division [Division] e
Euclidean division [Division euclidienne] dod
LAk

Flip flop [Bascule] Ll - g;%
Writing rules [Régles d’écriture] W& el B
Normalized [Normalisée] Caolge - ol
Value [Valeur] e
Maximum [Mazimum)] (S had
Block [Bloc] &

w

)ﬁ.)

35
Electric [Electrique] ab &
Constitute (it constitutes) [Constituer (il con-

Repeat [Répéter (repeat)
Spherical [Sphérique]

stitue)] d;ﬁi 0;5
For [For] J,T o S
While [Tant que] ol Le
Indicator [Indicateur] L p- A%
Buffer [Tampon] C,g}
Direct [Direct] J.Z/L/a
Origin [Origine] Te
Successive [Successif] CL.A
Suite [Suite] 3l
Homogeneous [Homogéne] ol

Synchronous? Asynchronous [Synchrone ¢ Asyn-

chrone] elie e 7ol
Transitive [ Transitif] (Gdnze
Complement [Complément) (..:.u
one’s complement [Complément d un] 4| - (,.:::

A1)
Two’s complement [Complément Vrai d deux) (o

P

Alternate [Alternée] Calze
Interval [Intervalle] Jiz
Sum [Somme] g5
Set [Ensemble] ic,#
Got [Obtenul ade J,,;s.
Outputs [Sorties] Sia
Buffer [Buffer] CBhe O
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Buffer [ Tampon)]
Diagram [Schémal
Entry [Entrée]
Integrated [Intégré]

Cd5e O

Feos ey = bh2
J;.\,\»

#o

S

3l

Conjugate [Conjugué]
Corresponding [Correspondant]
Peripheral devices [Périphériques]
(e )

dependent [Dépendant]

Related [Lié] Lo
Attached [Muni) 5 B
Complex [Complexe] Ains —J L
Coder [Codeur] (e A S\JT) w"lxi
Disadvantages [Inconvénients| £6 gl
Equality [Fgalité] 3 ylune
Stable [Stable] :,2...“»
Continuous [Continu] Jecom
Level [Niveau] (S s
Identical [Identique] L;;U;u
Identification [Identification] %) Je <% - dalke
Equation [Equation] Wsles
Reciprocal [Réciproque] oS e
Microprocessor [Microprocesseur] Aoas e
Treatment |7Traitement] idlas
Coefficient [Coéfficient] Jolae
Null [Nul] podns
Comparator [Comparateur] (%)l S\:T) ())Lli
Comparison [Comparaison] ELJ;LL
Article [Article] Jlae
Resistance [Résistance] e ylae
Admitted [Admis| J st
Condensed [Condensé] S -
Note [Remarque] e
File [Fichier] ale
Gega [Géga) e
Mega [Méga) Ose
Graph [Graphe] Ol oo
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Sequencer [Séquenceur] ek
Boolean [Boolean]
Reflexive [Réflexif]

Generator [Générateur] Ao
Characteristic [Caractéristique] 8y
Driver [Conducteur] Mose ¢ 3L
Impulse [Impulsion] Ll
Result [Conséquence] o

Result [Résultat] dond
Relative [Relatif]

Relatively [Relativement]
Sequence [Séquence] ol e

Text [Texte] o
System [Systéme] ol
Theorem [Théoréme] B
Execute [Ezécuter] J;.T s
End [End] als
Type [Type] £5
Species [Espéce] Wod (fy
And [And) ‘},,o )\)

Else [Else] (oS 4 131) piE

Otherwise [Si non] (uﬁ"{l \al Y\}
Exchange unit [Unité d’échange] Jald) sus s
Control unit [Unité de commande] Sa:l\ o s

ALU (arithmetic and logical unit) [UAL ( Unité

arithmétique et logique)] ghidly olud) susy
Unique/ unitary [Unique/ unitaire] — gdely /Ao
Settings [Parameétres| Ll

Functioning [Fonctionnement]

Function [Fonction] (ale) aik,
Generate [Engendrer] j}i As
Match [Correspondre] Jelr
Note [Note] s d o
Left [Gauche] Sl
right [Droite] 1

Agree (it is suitable) [Convenir (il convient)] wly
Exist [Existe] Ao g



10.1.2 SNSRI Lz L

Access [Accés]
Acquire [Acquérir]
Action [Action]
Addition [Addition]
Address [Adresse] Ol ge
Admitted [Admis) J st
Agree (it is suitable) [Convenir (il convient)] ks

Js edpos cp sk
w‘j{‘

JE -
&

Algebraic structure [Structure algébrique] )
B ]

Algorithmic [Algorithmique] Ol gl
Alphabet [Alphabet] v
Alternate [Alternée] <alze

ALU (arithmetic and logical unit) [UAL ( Unité
arithmétique et logique)) ghidly old) susy
And [And] (Led) 5
Application [Application] Gl
Arroy [Array] Jgde
Article [Article] A
Article [Article] Jas
ASCII [Ascii]  <lodull dold 1l 15 31 5 ,42)

Assignment [Affectation)] gLl
Association [Association) Cﬁ
Associative [Associatif] L
Assumption [Hypothése] Lo )

Asynchronous? synchronous [Asynchrone ¢ syn-

chrone] e ?oelie e
Attached [Muni] - B
Automatic [Automatique] A
Base [Base] sl (ol

BCD: Binary Coded Decimal [BCD: Binary Coded

decimal] L}L’.ﬂ\ eladl 3 f/:/ S A ke
Binary [Binaire] ale
Bit (Binary Digit) [Bit ( binary digit)] L;L-: ;,5)
Block [Bloc] €&
Boolean [Boolean] GUs ¢ fas
Buffer [Buffer] 6,33;&;,3-
Buffer [Tampon] c,g/}a
Buffer [ Tampon)] Ca%e d:,;.
Byte [Octet] EME, ﬂéj ol
Canonical [Canonique] dsb
Capacity [Capacité] G
Case [Cas] A

Cell [Cellule] Y
Central memory [Mémoire central] L5 8513
Character [Caracteére] (S2) oo/~
Characteristic [Caractéristique] 8y

Charge [Charge] s

Check [ Vérifier] B B>
Choice [Choiz] Sl
Circuit [Circuit] a,ls

Coder [Codeur]
Coding [Codage]

ey
Coefficient [Coéfficient] Jolas
Column [Colonne] 34F
Combination [Combinaison) Wy
Combinatorial [Combinatoire] S5
command [Commande] ;4 Claddws — ‘/i

Comment [Commentaire]
Commutative [Commutatif]

(Lo 5151) o,

Comparator [Comparateur]

Comparison [Comparaison] %,lae
Compatibility [Compatibilité] o3 ¢ S
Compilation [Compilation] Ay - Cadeas —;,L)Lb
Complement [Complément) (e
Complex [Complexe] Aine —Jf
Composition [Composition) S
Computer [Ordinateur] oyl
Concerning [Concernant] o2t Led
Condensed [Condensé] S - S
Condition [Condition] A b

Configuration [Configuration] —¢s ¢ K& «lslae|

Configure [Configurer] Xl fle
Conjugate [Conjugué] 1
Constant [Constant] b

Constitute (it constitutes) [Constituer (il con-

stitue)) O;Q d;f
Contact details [Coordonnées] olilas]
Continuous [Continu] o
Control unit [Unité de commande] I S s
Convention [Convention e
Conversion [Conversion] JosZ
Coordination [Coordination] s
Corresponding [Correspondant] B

Couple [Couple] Bl my)

QS"&)"\"

Cubic root [Racine cubique]

Cycle [Cycle] 5595
Data [Données| Slbane (bl
Decoding [Décodage] YT IROH
Decomposition [Décomposition] A
Decrease [Diminuer] gy ua.aj
Definition [Définition) ey
Degree [Degré] Iy
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Demonstration [Démonstration]

dependent [Dépendant]
Design [Conception)

Design [Concevoir]
Designate [Désigne]
Determining [Déterminant]
Device [Dispositif]
Diagram [Schémal

Digital [Numérique]
Dimension [Dimension)

Dimension [Dimension)
Direct [Direct]

Directive [Directive]
Disadvantages [Inconvénients]
Distributive [Distributif]
Divergence [Divergence]
Divisible [Divisible]
Division [Division]
Driver [Conducteur]
Editing [Edition]
Effective [Effectif]
Electric [Electrique]
Else [Else]

Encoder [Encodeur]

End [End]
Entry [Entrée]

o ¢ Bl

J.ii c"};_.w A
.

L
(65415 Y
e AL 3l

il

Jole

Enumeration [Enumération] sl
Equality [Fgalité] 3 ylune
Equation [Equation] Yoles
Equivalence [Equivalence] 55
Euclidean division [Division euclidienne] dod
!

Even [Pair] )
Exchange unit [Unité d’échange] Joldl s
Execute [Exécuter] }T ¥
Execution [Ezécution) S cdas
Exist [Existe] Aoy
Exponential [Ezponentiel] oVl
Express [Ezprimer] J:,u' J:c
Expression [Ezpression) le
Factor [Facteur] (Jolse) ol
False [Fauz] s
Field [Champ] S
File [Fichier] ale
Fixed point [ Virgule fize] LA AW P
Flip flop [Bascule] Ll - ggﬁ
Float point [Virgule flottante] T AWAP]

Flow [Flux]
For [For]

116

dsx
Job o e S

Fork [Branchement]
Formal [Formel]

Formula [Formule]

Function [Fonction]

Function [Fonction]
Functioning [Fonctionnement]
Gega [Gégal

Generate [Engendrer]
Generator [Générateur]

Give [Donner]

Got [Obtenul

Gradually [Au fur et a mesure]
el

Graph [Graphe]

Growth [Croissance]

Header [Entéte]

High [Haut]

Hint [Indice]

Homogeneous [Homogéne]
Identical [Identique]

'ucy;

- gl -1

Ol ¢ o
o7

(e ) Al

las

Identification [Identification] % 4| Je <% - mUm

Identifier [Identificateur]

1t 1]

If [S7]

Image [Image]

Implementation [Mise en ceuvre]
Impulse [Impulsion]

Inclusion [Inclusion]

Indicator [Indicateur]

Industrial [Industriel]

Influence [Influence]
Initialization [Initialisation]
Instruction [Instruction]
Integer [Entier]

Integer [Integer]

Integrated [Intégré]
Intersection [Intersection)
Interval [Intervalle]
Involvement [Implication]
Iteration [Itération)

Label [Etiquette]

Law [Loi]

Left [Gauche]

Level [Niveau]

Limit [Borne]

Line [Ligne]

Line [Ligne]

Linear [Linéaire]

List [Liste]

Logical circuit [Circuit logique]

(Ge) 2 ol
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Loop [Boucle] Wl
Lower [Inférieur] JMT
Machine structure [Structure machine] AV 4
(=)

Management [Gestion] 5,015) - _pd
Manner [Maniére] @ b
Match [Correspondre] Dol s

Maximum [Mazimum)]
Mean [Signifier]
Meeting [Réunion)

Mega [Méga) O sche
Memory [Mémoire] 3513
Memory space [Espace mémoire] — a ) 51401 e
(5571300

Method [Méthode] @ b
Microprocessor [Microprocesseur] s Flas
Modular [Modulaire] %l
Module [Module] s
Modulo (mod) [Modulo (mod)] — (iewd) 3L) 457
Mouse [Sourie] 5,6
Multiplication [Multiplication] < 2
Multiplication [Multiplication] (Ololy) o2

Multiplier [Multiplicateur)
Natural [Naturel]

(Sbsl) @ 3ls]

Negative [Négatif] ;JL»J
Normalized [Normalisée] Caolgs - ol
Notation [Notation] .
Note [Note] 2d o
Note [Remarque] >l
Null [Nul] pone
Number [Nombre] sde
Object [Objet] O -
Obvious [Evident] &l c@r:.,\g
Odd [Impair] :;:J.’o

On the other hand [D’autre part] e s,/ d| R'AL'@\L
G A e [N
one’s complement [Complément a un]

1)

w Z

Al ez

Operand [Opérande] (?) b
Operation [Opération] e
Optimal [Optimal] (‘_}wiﬁ\) J::\/\
Optimization [Optimisation] Jﬁ»;‘Y\ sl

Order [Ordre] o

Organ [Organe] s
Origin [Origine] [
Otherwise [Si non (S5 4 13) VY,
Outputs [Sorties] o

Overflow [Débordement] (Obad) pib

Parallel (in parallel) [Paralléle ( en paralléle)] ¢\g

(A &)

Part [Partie]

o
Particular [Particulier] ool
PC Personal Computer [Pc personal computer]
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